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TO 


THE RIGHT HONOURABLE 

WARREN HASTINGS. 


Sir, 

Knowing as I do, that, althoug'h retired from Public 
Life, you still retain a warm regard for that very im- 
portant Division of the Kritish Empire, which you 
formerly j^ovemed with so much Glory to Yourself, and 
Advantage to the Nation, as well as to the Honourable 
Company and to the Natwes of India; and, that, from 
your intimate acquainttincc with the utility of the Canals 
now about to be re-opened in thc LIpper Provinces, you 
are fully competent to appretiate the value of this small 
W^orh, meant to facilitate and ensure the success of such 
beneficial and important undertakings, I, with much 
pleasure, dedicate to you the following Translation. 
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While I have to thank you lor permitting' me thus to 
grace the Publication witli the authority of your Name, 
I embrace the opportunity of expressing, at the same 
time, iny grateful sense of that Generous Kindness, Avhich 
elicited the efforts, promoted the welfare, and libei-aUy 
rewarded the exertions, of my Youth ; as it did also the 
endeavours of all who strove zealously to serve the Public 
under your Administration ; thereby exciting a general 
and ardent spirit of Industry and Integrity, whicJi has 
e>’er since been increasing, and at present pervades every 
Dejiartinent of the Ser\ ice, to the happiness and honour 
of tlic Individuals on the llengal Establisliment. 

I have the lioiioiir to be. 

Sir, 

With the Highest Hsteein, 

Your most Obliged and most Obedient 
Humble Servant, 

JOHN GAllSTIN. 

Manchesteh Squauk, 

ArniL 12 tu, 1818. 
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1 Avas Surveyor-General in Bengal, two very comprehen- 
sive, and, I believe, accurate Surveys, were submitted to my in- 
spection, and were afterwards transmitted to the Honoxirable Court 
of Directors of the East India Company. They were represented to 
be correct Plans of the remains of the ancient Canals, on both sides 
of the Jumna, which, in consequence of the numerous revolutions 
that took place in the tlisturbed state ol' those Provinces during 
the greater part of the last centurj'^, had been permitted to go to 
ruin. One of the Surveys was made by Lieut. James Tod, who greatly 
injured his constitution by the hard labour which he then underwent : 
the other, by Lieut. Macartney of the Cavalry, who fell a martyr 
to his zeal for science and the public good. Both these gentlemen 
made a number of transverse sections, executed most probably 
with great care; but I had strong doubts respecting the justness of the 
levels taken lengthwise, well knowing that the instruments employed 
were not such as to ensure the requisite degree of accuracy on that 
point, though one of the utmost imj)ortance in such works. These 
Papers, however, contain much useful information. After a careful 
perusal and examination of the Documents, I determined to consider 
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the subject as fully as iny capacity, and the limited means to be 
obtained in India, would admit. The more 1 reflected upon it, 
the more difficult it appeared : it required, in fact, far more leis\ire 
than the numerous duties of my offices alFordcd. 

Among some books given me by the late Col. Henry Watson, was 
tlie present Treatise which, as it contains much valuable practical 
knowledge, and many excellent observations that have not been made 
generally known, 1 determined during the voyage to Europe on 
translating ; from a wish to assist and benefit the young Engineers, 
who are not very conversant in the original language, or have not 
the means of olitaining such essential information as this work appears 
to me to furnish. For there are so many points in which the great 
rivers of ilengal resemble those of Italy ; as both How, for example, 
from greatly elevated situations, and are dispersed in a similar 
manner througli numerous channels } that the physical laws which 
regulate the streams of the Po, in their descent from the Alps 
and the Apennines, are very applicable to those of the Ganges, and 
its tributary rivers. 


The First Editioa of the Work, as stated by the Author iu his Freface, was printed at Lticca, 
in 1762 : the Setoiid^ with additions, at Florence, in 1770, eighteen years after the iippearancc of 
the First, The Author, however, was a native of Milan, wdiere he was boru in 1727. During his 
education, his studies were directed by the Regular Clerks of St. Faul, or Barnabites, as they were 
more frequently ealled, from the Churcli of St. Barnabas, at Milan, which had been bestowed on 
their Ord^r. IJe took the habit of, .the Order at the age of sixteen ; became Professor of Mathe- 
inatii^.s in the University of Milan ; travelled afterwards through France, England, and Holland ; 
and visited the principal cities of the rest of Europe. He was eminently skilled in Hydroinetry 
and Hydraulics ; so high, indeed, stood his reputation, that all the \vorks dependent on a 
knowledge of Hydrostatics, executed in Italy in his time, were submitted to his inspection and 
judgement. MariaTheresa^ .Catherine II. j andJoseph II., honoured him with their patronage ; 
and the most celebrated Academies and Societies of Scientific , and Literary Men enrolled him 
unong their Memb(‘rs. 
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Besides, there is anotlier, and that a very considerable ad- 
vantage, which will attend the perusal of the Work. They will 
find the best Authors pointed out, us they go on, who have 
written both theoretically and practically on the several parts of 
an abstruse subject, which has not hitherlo deeply engaged the 
attention of English Engineers : most [jrobably for the following 
simple reason, that the rivers in England rise Jiol from such 
great heights as those of Italy and India, and, of course, are not 
found to exhibit so great a variety of interesting phenomena, which 
might attract, or demand, the regard of those employed in Hy- 
draulic researches. 

Whenever the Government shall be left at leisure to attend 
to the im|)rovemcnt ()f the Canals on the Jumna, they assuredly 
must/ and will, undertake the work : influencrxl not only by the 
noble desire of promotifig the Iiappiness ofi their sulyects, but 
also by the certainty of obtaining a considerable revenue by 
means the most honourable and |>raiseworthy, and from sources 
lor vvliich the inhabitants will, at a fair rale, most willingly and 
cheerfully pay. It i.s sutliciently evitlent of itself, that to afibrd 
them the means of‘ watering their lands, at pleasure, must infinitely 
promote tlm intere.sts of Agriculture, and benefit and increase the 
Population. The following Treatise contains so many useful maxims 
and practical observations, that it will be of great service to any 
person intrusted witli the execution of those works, as well as with 
the direction of many others of great utility, which are required in 
several |)arts of the country. 

Should the Translation now offered to the Public meet with a 

favourable reception, the Translator will be induced to attempt 

a Treatise on Irrigation, as practised in Tuscany. In that country, 

a ^ ‘ 
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the Art has been carried to the highest pitch of jierfection ; whilst 
the judicious Regulations adopted for the Distribution of the Water, 
and the equitable mode of the Assessment, give such general satis- 
faction to all parlies, that they are considered by the penetrating 
Italians as a model of justice ; preventing all disputes, supplying 
all the wants of the peasantry, and compelling no man to pay 
for more than he requires and receives ; enriching, at once, both 
the benefited Subjects, and the beneficent Government, 

Previously to giving this Translation to the Public, I considered 
it proper to visit Italy, that I might examine, on the spot, the 
general accurl^cy of the leading statements of the Original Work. 
In the prosecution of my enquiries, I received the most liberal 
assistance from the Officers of Engineers of Roads and Bridges ; 
anti I found, that tlie doctrines and princijiles laid down by the 
justly celebrated Barnabite, were confirmed by (;verv thing that 
fell' under my notice. — It may, in particular, be mentioned here, 
as connected with the subject of the preceding paragra|>h, that 
eminence in Irrigation is not confined to Tuscany. In consequence 
of advantages derivetl from this source, Lombardy exhibits such a 
scene of fertility as can hardly be paralleled in any part of the 
Globe ; numerous Farms, in certain districts of that Kingdom, 
producing ten luxuriant crops in the course of the year. The 
waters, at the same tiin<‘, are so well distributed and economized, 
that all the various classes, who use them, are as ready, as indeed, 
from the enormous produce of their lands, they are able, to pay 
their proportion of the Taxes, or Rates, imposed for defraying the 
expense of supplying them. 
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In Italy, the first seeds of Geouitjtry, of Algebra, of Mechanics, 
of Optics, and of Astronomy, were sown ; and in process of time 
these sciences extended themselves beyond its mountains and the 
sea. Galileo, Cardan, Cavalieri, Viviani, Cassini, Borelli, Gri- 
maldi, Manfredi, and Grandi, were the men of genius who gave lise 
to that hajjpy revolution which has taken place in these sciences 
during the two last centuries. But it is not to Tuscany and Lom- 
bardy alone that mankind are indebted I'or the great discoveries 
which have been made respecting the Methods of Calculation, 
the Laws of Motion, and the System of the Heavenly Bodies. A great 
part of these are due to France, to Germany, to Holland, and 
above all to England ; wliere tlie transcendent genius of Newton 
has passed far beyond those limits which had bounded the re- 
searches of all who had livetl before him. 

Hydraulic Architecture art)se, advanced, and almost attained per- 
fection, in Italy, where they have written on every point connected 
with the theory of torrents and rivers, the conducting and dis- 
tribution of clear and turbid waters, the slopes, tlie tlirections, and 
the variations of channels ; and, in a word, on the whole range of 
Hydrometry and Hydraulics. We owe all that has been done on 
these subjects to Castelli, Viviani, Zendrini, Eustace Manfredi, 
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and especially to Dominico Guglielmini ; who has left us his 
great Work on the Nature of Rivers. Mariotte, Picard, Gennete, 
and some other celebrated Ultramontanes, have added but little 
to what had been done by our Authors, to whom M. d’Alembert, 
in the Dictioiinaire Encyclopedique, ascribes the chief improvements 
which have been made in these Sciences. Nor have the spe- 
culations of the Italians been confined in their effects to the 
bare honour of writing books. They have, moreover, contributed 
much to the salubrity of the air, to the ease of inland navigation, 
and to the fertility and security of the plains. 

The Po, which, formerly divided into several branches between 
Placentia and Parma, had converted a considerable part of Lom- 
bardy into a marsh, has been circumscribed by dikes, and confined 
within a single channel of a suitable dcjith ; whereas the Great Rliinc, 
divided and subdivided as it is in Holland, has consideiably elevated 
the bottom of its bed; and, whilst it renders the situation of the ad- 
joining lands daily worse and worse, is tlueatening them incessantly 
with utter destruction, Tlic celebrated Muratori, in his Twenty-first 
Dissertation on the Antkpiilies of the Middle Age, treating of the 
physical gcograjihy of JLoinbardy in the ninth and tenth centuries, 
has clearly shown how much agriculture had gained since that time 
between the Tesino and the Adriatic. Since that time, also, melio- 
rations have taken place over a great part of the Vale of the Arno in 
Tuscany, the Vale of the Chiatia, and the Plains of Leghorn and of 
Pisa. The mechanism of irrigation has been carried to the highest 
perfection in the Ganal of Muzza, which is supplied from the Adda, 
and distributed and divided all over the Lodesan. Other navigable 
Canals, deri ved, with excavations of immense labour, from the Adda, 
the Tesino, the Reno, and many other rivers, have proved of the 
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greatest utility to the commerce of our Provinces. The invention of 
the method of retaining water by means of sluices and Ibcks, made 
in the fifteenth century, and reduced to practice in the Paduan, led 
the way to the junction of the two navigable Canals of the Adda, 
and of dwi Tesino, which Leonardo da Vinci formed at Milan ; and 
this junction has since served as an example and model to several 
other navigable Canals, particularly to tlval of Languedoc. 

The Reno, and llie Po, are the two rivers that have chiefly engaged 
the attention of the Italian Mathematicians. Formerly the Great 
Po reached Ferrara, receiving in its course the Panaro, and the 
Reno ; and some miles below, at the Point of the Polesine of Saint- 
(reorge, it divided itself into two branches, called those of Primaro 
and of Volano, In the twelfth century, a part of the Po turned off to 
the left, a little above the confluence of the Panaro, and formed 
another branch, which was afterwards named tl»e Venetian or 
Ia)mbardy branch. The Venetian Po gained gradually on the 
Ferrara branch, and in the last century entirely absorlvcd it» This 
evetit, so fatal to the commerce and navigation of that ilhislrioii.s 
City, occurred some years after the Reno had ceased to flow into 
the Great Po. It was in 1604 that the Reno, obstructed by the 
alluvions of the I'errara branch, and retarded by the diminution, 
of its waters, which were lessening daily, spread itself over the 
valleys of the Sammartina. Th<!se v’^alle^'s were soon fertilized by the 
abundant deposites of the Reno, and so considerably raised, that 
its stream, unable any longer to j)ass in that direction, overflowed 
its embankments, and inundated the finest and most fertile plains 
of the Bologriese. The five other lower torrents, the Savena, the 
Idice, the Gentonara, the Quaderna, and the Sillaio, finished 
their courses also on these plains. All these waters, nmning without 
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embankments and without beds, formed deep bottoms, from whicfi 
they issued but slowly, and only in part, in approaching the Sea by 
the ancient and tortuous bed of the Primaro. This sad spectacle in- 
terested deeply the most eminent Mathematicians of Italy, and gave 
occasion, if not to an eflectual remedy foi’ such serious evils, to, at 
least, that degree of perfection to which the theory of running waters 
has l)ecn carried. 

Castelli, Cassini, Viviani, Gugliehnini, Grandi, Manfrcdi, and 
several others, proposed to remove the cause of these disasters, by 
causing the Reno to re-enteT the Great Po. They were able to solve, 
in a masterly manner, all the physical and hydrometrical objections 
that were urged against the project ; but political obstacles caused 
it at last to be abandoned. This scheme once laid aside, all the 
other {)ro|)osals were reduced in effect to two : the one, to form a bed 
for the waters, amidst the soil which they had themselves deposited, 
in the lower part of the lands acbially overflowed, and to make the 
lower trunk of the Primaro serve for their discharge ; the other, to 
turn the course of the Reno above the low grounds, and the bl eaches 
which caused these inundations, by forming for that river a new 
bed, which, commencing some miles below Bologna, should receive 
in its progress all the lower torrents, and convey them, united and 
enclosed between its embankments, to the Sea. Guglielmini gave 
weight to the former project : Eustace Manfredi successfully combated 
the latter. Gallioni and Gabriel Manfredi formed the plan of a 
cut, in length eiglit miles, to give tlie waters of the Reno a ready 
outlet into the Primaro, and to receive at the same time the waters 
of the Savena, and those of the Idice. This was the celelrrated 
Benedictine Canal, which would most assuredly have changed the 
face of the Bolognese, if so many accidents had not attended Its 
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execution. The principal of these accidents was, that as the Idice, 
before it fell into the cut, from a height of about eighteen feet, had 
been but feebly sustained by a weak sluice placed at its entrance, 
this sluice was forced ; and the torrent considerably lowered and 
enlarged its bed, carrying so great a (juantity of earth and sand 
from its bottom and torn sides into the cut, as in a greiit measure to 
fill it up. Another accident also occurred : the banks, which were 
laid on quaggy foundations in a valley through which it was neces- 
sary that the Canal sliould [lass, gave way. The first accident had 
a great influence on the second ; for the deposites left by the Idice, 
obstructing tlie free course of the waters from the Reno into the 
Prirnaro, rendered the consequences of the ruptures, which took place 
higher up, still more serious. 

I had determined to visit Rome in 1 7 dO, at the period when the 
Mathematicians of Bologna, and of Ferrara, were deeply engaged 
in the controversy concerning these waters. The former proposed 
to repair the Benedictine Canal ; and to convey by it all the streams 
into the Prirnaro, raising a new embankment on its right side, and 
repairing and heightening the old dike on the left. The other party 
reproposed, with some alterations, the old project of making a new 
bed for the Reno, and the othc;r torrents ; and urged, as a principal 
objection to the first scheme, that the Priinaro, for the space of ten 
miles, from the Benedictine Canal as far as Bastia, was very 
irregular and winding, and of little declivity ; and, consequently, 
that the assemblage into it of all tlie waters of the Bolognese, 
would greatly endanger the lower Polesine of Saint-George, which 
borders on it. This ivas to me an imperious call to enter into this 
grand dispute. I was of opinion, that the point was not merely 
the formation of a new bed for the reception of all the waters; 
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and, that the interests of the Ferrarese might be sufficiently con- 
sulted, by continuing the Benedictine Canal straight on to Bastia, 
an extent of seven miles, across the narrowest section of the valley 
of Marmorta, where the soil is firmest, and of the best consistency- 
The other modifications, that appeared to me calculated to induce 
both parties to adopt the plan of the Primaro, were reducible to 
the five following heads ; 1st, To form a betl for the Reno, amidst 
its own alluvions, from the breaches in its dikes to the com- 
mencement of the Benedictine Canal. 2d, To remove the earth 
deposited by the Idice, to close the breaches in the Canal, and to 
complete it. 3d, To introduce the Savena into the Canal, and to 
secure the present entrance of the Idice. 4th, To convey, by an 
aqueduct, under tlie bed of the Idice, all the drainings of the 
country between the Idice and the Savena. 5th, To join the 
Centonara to the Quaderna, and afterwards to unite the Quaderna 
with the Sillaro, as far as Ba.stia. This plan was then ap[)roved, and 
unanimously subscribed, by the Mathematicians both ol' Bologna 
and of Ferrara. 

In this manner, I laid before them the mere outlines of the plan, 
reserving to myself, on a careful examination of the localities, to 
determine all the tletails in the order and execution of the works. 
After having personally surveyed the whole, and scrupulously ex- 
amined all the levels taken by the rntm of science employed by the 
Parties interested throughout the plain of the Bologue.se, I stated my 
sentiments more at large, in a Book printed at Lucca, in 1/62, On 
the Method of regulating Rivers and TorrentSi particularly those of 
the Bolognese and of Romagna. Since that period, the dispute has 
become so violent and noisy, and the writings for and against all 
the schemes have so multiplied, that I have felt little inclination 
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to quit more peaceful studies, and especially that of Algebra, 
to add to it. 

At Rome, the Congregatio ab Aquis were occupied in tlie 
consideration of four difl'erent projects : two of tlicse were to forni 
a new bed, wliich, commencing at tlie Samoggia, a little below the 
confluence of the Lavino, should afterwards receive the Reno, 
and the other torrents and drainings, and carry them in one stream, 
through tracts more or less elevaUal, into J,he Primaro, at Saint- 
Albert, about six miles above its opening into the Sea. The two 
remaining schemes were, to continue the Benedictine Cut, according 
to the one, through the upper part of the valley of Marmorta, as flir 
as Saint- Albert ; accoiding to the other, through the lower part of 
the same valley, as far as the opening of tlu? Santerno into the 
Primaro. These four Lines having been rejected, three Mathema- 
ticians were directed to visit the sites, and propose some medium. 
They w'ere of opinion, that no injury was to be apprehended to the 
lands of Ferrara, from conveying directly into the Primaro all the 
waters of the Benedictine Canal j and, moreover, they concuiTed 
entirely in the ideas first suggested, of repairing that Cut, of 
throwing into it the stream of the Savena, of carrying the aqueduct 
under the present bed of the Idice, and of uniting the Quaderna 
and the Sillaro with the Reno. 

Matters being in this situation, I consented to this Second 
Edition of my Treatise, which I have augmented with several obser- 
vations, made in my journeys on both sides of the Apennines, the 
Alps, and the Sea. 




FABLE OF CONTENTS. 


Translator's Preface Page i. — iv . 

Author’s Preface v. — xi. 


KOOK THE FIRST. 

OF RIVERS AND TORRENTS THAT FLOW OVER GRAVEL. 

CHAPTER I. 

ON TflE ORrCilN Ol' HfVERS, AND THE CAUSFS AND FRENOMENA OF THEIR FLOODS. 

Refutation of the opinion tJiat Rivers derive their origin from the Sea, and not from 
Rains and Snows. — First Formation, and gradual Increase of Rivers, — Composilion 
and Phenomena of Floods, — Variations from distance, and IVom the cliauges tiiat 
take place in Mountains. — Origin of the Waters that foi rn Floods. « — Origin of the 
Ortlinary Waters of Rivcis. — Diirereneo in the (juajitity oi‘ Rain in tlie Plains, and 
on the Mountains, — Opinion of Marriotte and Halley. — Origin of the Lakes on 
the Summits of Mountains. — Opinion of Schoutzer and Vallisiucri refuted. Page I — 7 


CHAPTER IL 

ON THE SUBSTANCES BROUGHT DOWN BY RIVERS. 

Gradationin the Succession of River Substances. — Opinion of Ougliclrnini, tliat Sands 
are formed by the Attrition of Gravels. — Observations contradicting tliat ()pi!ijoi), and 
showing that Round Stones, C5rav(?ls, and Sands have been originally pj’cpared by 
Nature. — Difierence in the nature of the Sands and Stones in the Italian Rivers,— 
Experiments made on River-stones, by shaking tlicm in boxes, and passing them over 
a grindstone. — Periods at wliich the greatest Eruptions of the Gravels take place.— 
Force and efFects of Friction in the Beds of Rivers. — Experimenls, — Recapitulation. 

Page 8 — 18 



XIV 


TABLE OF CONTENDS 


CHAPTER III. 

ON THE riRST TRUNKS OF RJVEUS AND TOIIRENTS. 

Importance of the question discussed in the last Chapter. — Rising of the Bottoms in the 
Upper Trunks of all Rivers and Torrents : limitations : consecjuences. Increased by 
natural or artificial Obstructions. — Rising of the bottom of tlie Arno, at Florence. — 
Causes of the Inundations at Florence. Schemes for preventing or lessening them. — 
EfFects on the bottom, and oilier consequences of Dams and Sluices. — Theory of 
Gugliclmini on this subject. — Objections to this Tlieory. — Opinions of Bacciali, and 
of Eustace Manfredi. — Operations of Barattieri. — Deductions from these Opera- 
tions, Page 19—27 


CHAPTER IV. 

ON THE UECTIFICATION OF THE UPPER REDS OF RIVERS. 

Practical Rules in regard to this subject affected by Opinions respecting llie nature and 
origin of River Substances. — Dangers of interfering v»7t!i tlie CIinniu Ls of Rivers that 
carry Gravel. — Advice of Manfredi in the case of the Reno; and of Viviani in that 
of the Arno. — Straiglitening, llepaiEs, and Kavigatiori, of the Arno. — C'onsiapiences 
of these Operations. — Elongation of the gravelly space of the Arno. — Great rising of 
the bottom at the Bridge of Signa. — General Rule. —Opinion and practical Rules ot 
Gughelmini. ^ Page 2S — 


CHAPTER V. 

ON THE FORMATION OF THE UPPER REDS OF RIVERS, 

Rule. — Variations in the courses of Rivers while carrying Gravel. — Prolongation of tlie 
Gravels in the Reno. — Project of making a New Beil ibr the Reno in the I 'pper 
Grounds. — Reasons which have caused this scheme to be abandoned. — Restatement 
of its general Difriculties. — Theory and Rules of Gugliclmini, — Improvement of these 
Rules, and their application to the Line of Longara. — Objections of Eustace Manfreiii 
to this Line. - « .. - * Page — 41 



TABLE OF CON TKNJ’S. 


XV 


BOOK THE SITCOM). 

ON rriE VELOCJTJES, AND SLOPES, OF HIVEUS. 

CHAin^ER L 

or THE VEI.OCJTY WITH WfITCH WATEU FLOWS OUT OF VESSELS. 

General Principle. — Opinion oi'Castelli. — PrincipJe of 7\>rricelli, that the V'elocily is as 
the square root of the Heiglit. — Ex j jcriments oFToj-ricelli, and MaggioUi. — Principles 
of VarignoTi, and of Hcrnuinn. — theories ami Principles of Newton, Mac Laiuin, 
John Conoulli, d'Aleinbert, and Father Lecchi. — Figure of th.e Cataract; and T'hcory 
and Measiirenient of the Contracted Vein. — Experiments on this subject by Newton, 
Daniel Bernoulli, and the Marquis Poleni. — Difficulties attending all lJ 3 Hlraulic 
Theories. — Method to l)c followed. — Experiments of Chiglielmini, Mariotte, Poleni, 
and Michelotti, and their Residts. — Method of discovering the quantity of Efflux, 
through given openings, in a given time, » - „ Pago 43 — 50 

CHAPTER IL 

ON THE VELOCiTJES OF SINGLE laVERS. 

Caiis(*s of the Velocities of single Rivers. — Dincreiit causes o|)eratc in different Trunks 
of the same River. — Principles and Theorems of Galileo and Castelli, — Method 
to determine the Velocity occasioned by the Imll. — Effects of the Irregularities oi' 
die BtRtom, &c. — CorrectiorisS lor tliese effects proposed l)y J' atlier Grand i. — Mode of 
finding the Velocity arising from the Pressure. — Conjectures of Wolff, of Giiglieiiuini, 
and of Torricelli. — Experiments of Zendrini and the Bolognese. — Genend J^aw ob- 
served by the Velocities. — Method of calciilaling the Quantity of Water carried by 
Rivers. — Application of the Rule to the Rivers and ToitouLs of tlie Bolognese. 

Page 51— (30 

CHAPTER III. 

ON THE VELOCITIES OF THE WATERS IN AIITIFICIAL CANALS. 

Extension of the I^aw ascertained in the preceding Chapter. — Principle of iJie Gun- 
position of Motion introduced by Guglielmiiu. — Application of the Principle by 
Pitot and Grandi. — Tlieory of Fatlier Graridi, and its Difficulties. — Laws of Na- 
ture best discovered from observing lier Plienomena. — Singidar Phenomenon of the 
Po. — Conclusions drawai from it by Gugliclmini and Manfredi. — Effect of the con- 
troversies at Bologna, and in Holland, on the subject. — Ramifications of the Great 
Rhine in Holland. - — Project for its Rectification, by M. Gcnnct6. •— Arguments in 

c 2 



i 


TABLE OF CONTENTS. 


support of the Finn. — Experiments conducU d with the same view, in small Caruils, 
or Artificial Rivers, Single, and United. — Results of these Experiments, as stited by 
Genncte. — Inference to be drawn From them. — Repetition of the above Experiments 
at Ferrara, at Rome, and again at Ferrara : and their difference from those of 
Gennete. — Conclusion from the whole. - . . Page 61 — 69 

CHAPTER IV. 

ON THE VELOCITIES OF RIVERS, UNITEH, AND DIVIDED. 

Pj osecutiori of the subject in an examination of wlnit takes place in the Reno, the Sa- 
fiioggia, tlie Gaiana, and the 'Jhber. — Sections of tlie Reno, al)ove, and below, the 
entrance of the Sainoggia. — Sectiojis of the Sanioggiii, above, and below, the en- 
trance of th<' La vino. — Sections of the Tiber, above, and below, tlie entrance of 
the Teverone. — Observations to tl»e same effect on the Panaro, and the Po. — 
Chmeral inference from the ai>ove facts, where the Rivers are United. — Observations 
on Rivers Divided. — Inefficacy, and Dangers, of Derivations from Rivers. — Proved 
from a remarkable instance in the Po, — the Ilydrostatical Paradox, — tlu: Opinions of 
Castclli, Gugliehnini, ami Eustace Manfredi, — the case ot the Arno, of the Tiber, 
of the Colone, and of the Adige. — Recapitulation, and Law of the Increase of Velo- 
city in United Rivers. ------ Puge 70 — 77 


Cfll AFTER V. 

ON THE SLOPES, Oil DECl/lVlTtES, OP KIVERS. 


Gradual Diminution of the Slop{\s in Single Rivers. — Its cause. — Diminutioii 
of the Slopes in United Rivers : shown in the case of tlic Po, of tiu» Panaro, of 
the Reno, and its Affluents, — Principles on tiiis subject. — Reasonings and Rules 
of Corradi ; and the Objections made to them l)y Manfredi. — Principles and Rules 
of Gugliehnini. — JSimplification, and Confirmation, of his Rules. — Conclusion. 

i^ige 78 — 86 


CHAPTER VI. 


OF THE SLOPES IN THE LAST TRUNKS OP RIVERS. 

Singular Disposition of the liottom in the last Trunks. — ElTect of the Flux am! Reflux 
of the Tides. — Opinions of Giiglieijnini and Gabriel Manfredi on this subject. — 
'Theory of Sluices applicable to the Moutlis of Rivers. — Acceleration of the Stream 
near the entrance into the Sea, — EfFect of this Acceleration on tJic Surface and Bot- 
tom in the Lower Trunks. — Opinion of Zanotti respecting the Extent of this Acco- 
leration, — Application of liis Rule to tlie Primaro, on the supposition oi‘ the Union 
of the Torrents. — Cl>anges that have taken place in the Benedictine Canal, and the 
last Trunk of the Primaro. — Inferences, bearing on the proposed Union of the Tor- 
rents of the Bolognese and Romagna with the Primaro. - F;ige 87 — 9F 



TABLE OF CONTENTS. 


xvu 


CHAPTER VII. 

ON THE DISTllIBUTlON Ol^ THE SLOPES OF UIVERS. 

Application of the preceding Principles to the Slopes of tlic Reno, its Tributaries, and 
other Torrents, — in reference to the Quantity of the Water, — and to tlie Sub- 
stances carriiMl. — Kecapitulation. — The suiliciency of the Slopes assigned, verifi(?d, 
as an example for similar cases, in a minute examination of the several "I'orrents and 
Drains, as they occur in ascending tlie projected Common Bed from Longastrino to 
the Breach of Puufiliu. - - - Page 95* — lOf 


BOOK THE THIRD, 

ON nrVEIlS THAT CAllRV SANDS AND MUD. 

CHAPTER 1. 

ON TJJE OLD BEDS OF UIVEHS. 

Proposition to turn off the Rivers from the Tiber. — Opinio]! of Grandi on ihi^i and sinn-' 
lar Projects for improving the ancient Beds of Rivers. — Plan of Meyer for tlie Arno: 
-~of Gonnete, for the Great lihiiu;: — of GugUohnini, for tlie Reno and other 
Waters of the Bolognese, — Opinion of «l’ Adda and Barbcriiii respecting the Tor- 
rents of the Bolognese. — Final Plan <d' Guglielniini. Other Plans ; and tlu;ir eoin- 
parative Merits. — Mode of re-estahlislung tlie Beneilietine ('anal. — Proposed Con- 
tinuation of the Betiedictine Canal to Bastia. — Answers to Olijections. — Advantages 
of tins Plan. — Reasons why the Air of Marsh Lands is so unwlioiesoino. 

Page 105—10 


CHAPTER II. 

ON THE NEW BEDS OF IHVEllS. 

Examination of the Schemes for a New Bed to the Torrents of the Bolognese continued. 
— Objections to the Line of Malacappa, or the Upyier Line. — Comparative Advan- 
tages of the Lower Line over the Line of Malacappa, the Line ot I/ongura, and any 
Line in the higher parts of the Country. . _ - Page 115 — 123 



xvm 


TABLE OF COfWENTS, 


CHAPTER IIL 

ON THE RESISTANCES OPPOSED TO RIVEUS. 

Difference in the Texture of Substances, and their llcsistaiice to Water, — Clay much used 
in Holland for Dikes, and the Facings of Einl)ankmciits , — Luvines ; and the clfcct ol 
one on the New Road in the Modenese. — Variations iji the Lake of Haarlem ; their 
Causes and Remedies. — Remedies for the Pontiiie and other Italian Marshes. — 
Comv, tliat is, floating, or bog, islands, described. — Causes of tlie Erosions and Sinu- 
osities of the Banks of Rivers. — Doctrine of Guglielrnini on this subject. — Moans 
employed, in diflinx^nt places, to check the Erosions. — Errors of Michel ini a nd Barat- 
ticri in regard to Defences, and 8pars or Repellcrs. — Princi})les of Guglielrnini and 
Zeudrmi respecting Sj[)urs. — The Author’s RuU' for constructing and placing them. — 
Defects and evils inseparable from the best constructed Spurs. — Ramparts that answer 
best. - - - - - - - Page F24~132 


CHAPTER IV. 

ON TUE REGVUGITATION, OR RACKWATER, OT RIVERS. 

TheoJ’enis of Father Grandi relative to the Regurgitation and its Limits. — Correction of 
the Theorem concerning the Limits. — Proofs and Effects of the Tenacity and Adhesive- 
ness of the Particles of Water. — Limits ot' Regurgitations occasioned by Dams thrown 
across Rivers.-— Limits oF the same in Mill-races, or Canals which set Wheels in 
motion, — Detail of the Author’s Experiments at Roveredo, P^*^g^ 13^^ — I'l l 

CHAPTER V. 

ON THE ENTRANCES OE RIVERS INTO THE SEA. 

Prolongation of the Shores, and Rise of the Surface of the? Mediterranean, and par- 
ticularly of the Adriatic. — Cause oF these Phcnoriiena. — Sinking of the Level ol‘ the 
Baltic. — Facts proving the Extension of its Shores, Observations showing the Rise 
of the Adriatic. — General Increase of the Italian Shores. — Annual Rtitc of the Exten- 
sion of the Shore of the Po, according to Zendrini. — Causes assigned by him for the 
Extension of the Shores and Sandbanks. — His Rule for securing Harbouis against 
Obstructions from Rivers. — Current in the Mediterranean. — Its Direction, Velocity, 
and Effect on the Course of the entering Rivers. — Plan, by Zciulrini, of a Harbour 
for Ravenna. — Plan, by Meyer and the Author, for the Mouth of the Arno, at 
Pisa. — Consequences of departing from the Plan of Zendrini, at Riivenna. — Mea- 
sures for improving the present Harbour of that Citj-, and its Security against any had 
Effects from the proposed Union of the Waters of the Bolognese and Romagna with 
the Primaro. Pi^ge 142 — 148 



TABLE OF CONTENTS. 


XIX 


ESSAY ON NAVIGABLE CANALS. 

HISTORY OF CANALS, ANCIENT AND MODERN. FIRST PRINCIPLES, AND RULES, 

TO BE OBSERVED IN THE CONSTRUCTION OF CANALS. AX’PLICATION OF THESE 

PRINCIPLES TO THE PARTICULAR CASE OF TROLLHATTAN AND THE CANAL 
FROM THE GOTHA. 


PARAGRAPHS L— XIII. 

CANALS EXECUTED, OR PROPOSED, BEFORE THE INVENTION OF LOCKS. 

I. Nature and Advantages of Navigable Canals, as compared with the Navigation 
ot the Ocean, - — All groat Nations have attended to the Formation of Canals, 

especially in times ol Peace. II. Eminence of the Chinese in rcgoj'd to their 

Canals. — Canal of the Kiam and the Hoamlnx III. Canals of tlic Ancient 

— Canal of Mempliis, to connect the Mediterranean and the Ambiari 
Gull. IV. Canals of the Ancient Romans. — Reasons ibr their relative Inferi- 

ority in this respect. — Projects of Julius Ciesar ; of Nero; and of JVajan. — Canal 
ot C. Marius, at Arles. — Peterborough Canal. — Quintus tdrius lloslilius’s Ca- 
nal from the Mincio into the Po. — Canals by yEiniliiis Scanrus. — Augustus's Cn- 

luil to connect the Po with Adria and Ravenna. V. Canals in the Dark Ages. — 

Canal ot Odoacer. — Canal of the Moors, in Spain. — Piojeeis of CliarltTnagne. — 

Canals of the Tesino and the Adda. VI. — IX. Detailed Aceonnt of tlie (’auals 

of the Tesino and the Adda# X. Merits of the .Architects who tiu'se 

Canals. — Olistacles wliieh tfiey had to overcome. XL All Canals defective be- 

tore the Invention of Locks. — Sluices of the Ancients. — Sluices of the Chinese. 

XII. Modern Sluices with Doulile Gates, or I.ocks. — Tlieir Moile of Ojauation. — 

Fall of the Slalce de/itK‘(I. XIII. lurst Invention and kiinployment of I.ocks. — 

Use made of the Invtauion bj’^ Leonardo da Vinci. — Other beneiicial Consef|ncnces 
of their Introduction. 

PA B A G R API IS XIV. ~ X XXV I II. 

CANALS EXECUTED, (»li l>RO POSED, AFTER THE J.NVENTTON QF LOCKS. 

XIV. Canals oxeruted in France. — C anals of Rriarre; of Orleans ; of Picardic. 

XV. — XVII. Canal of Languetloc. XVIII. Rnssian CJanals.- Junciaa' of the 

Baltic with the Caspian; of the Wolga and the Don with the Black Sea; of the Vis- 
tula with the Boristhenes. XIX. Junction, by Frederick William the (ireat, of 

the Oder and the Spree. — Canal from Brussels to the Scheldt. Jimctiori of the Meuse 

with the Rhine, — C-anal of CRient and Oslcnd. XX. Ckinals projecU il, or going 

on, in France; in Spain; in Ireland; in Scotland. XXL English Canals. — 



XX 


TABLE OF CONTENTS, 


Duke of Bridgewater's CanaL — Junction of the Mersey with the Trent, — Proposed 

Junction of the Trent and the Severn. XXII. — XXVI. Schemes to form a 

Canal from the Gotha in the Pass of Trollhattan, to continue the Navigation by 

avoiding the Cataracts. XXVII. — XXXIII. Plans for a similar Canal to avoid 

an impracticable Pass of the Adda in continuing the Navigation fi oni its lower to its 

upper trunk. XXXIV. Sclicnie for joining tlic Lake of Como to the other 

iaxkcs. XXXV. Schemes for the Luke of Lugano ; for the Olona ; for the 

JVesa; for the Boza. XXXVL Scheme for a Canal from Milan to Pavia. — Rea- 
sons why it was abandoned. XXXVII. Project for rendering the Tiber navigable 

from Ponte-Niiovo to the Ncra. — Reasons for giving it up. XXXVIII. Plan for 

a Canal in the place of the last-mentioned Project. — Reasons for abandoning it. 

PARAGRAPHS XXXIX.— LXIII. 

FIRST PRINCIPLES, AND RULES, IN THE CONSTRUCTION OF CANALS. 

XXXIX. Authors who liave written on this Subject. — Order of discussing its first 

Principles. XL. — XLVII. Derivation of Canals, and Metliods employed for 

ensuring tin? Supply and regulating the Quantity oFtlie Water; with Examples and 
References. Xl^Vill. — l^X. Means, and Ex|>edients {)ro})Osecl by difrerenl Wri- 

ters, for preserving the Bottoms free i’rom Gravels and other coarse Deposites ; with 

Examples and Rcforenccs. LXL — LXIII. Rules for constructing the Sluices and 

l^ocks ; with their application to the Scheme for continuing the Navigation of the 
Adda. 


PARAGRAPHS I;X1V. — LXX. 

APPLICATION OF THE PRINCIPLES AND RULES TO THE PLAN FOR THE CANAL OF 

TROLLIIArTAN. 

LXIV. Derivation of llie Canal, and Supply of the Water. LXV. Regulation of 

llie Quantity of tlie Water, LX Vi, Some jiarticular Precautions for the same 

Purpose. LX VII. Precautions against the Deposites. LX VIII. Probable 

Consequences of the Introduction of coarse Substances. LXIX. Application of 

tliis Inconvenience to the Melioration of a Morass by the Process QiJUUvg up, 

LXX. Conclusion. — Reasons why tlie Author is so interested in the Success of this 
Plan. 



A 


TREATISE 

ON 

RIVERS AND TORRENTS. 


BOOK I. 

OF RIVERS AND TORRENTS THAT FLOW OVER GRAVEL. 


CHAP. I. 

ON THE ORIGIN OF RIVERS, AND THE CAUSES AND PHENOMENA OV 

THEIR FLOODS. 

A RECLUSE pliilosopher iiiay, in the silence of his study, star! doubts 
and seriously inquire, whether rivers derive their origin from the 
sea, rat her tlian from rains and melted snows ? A |)hi]osopher, 
who travels, can havt; no doubt on tlie subject, when Ik‘. has once 
seen the bed of any river, and has taken the jiains to trace it 
to its first source. 

When employed to mark out the high road now making from 
Modena to Pisloia, through the |)rovince of Frignano, I was com- 
pt^lled to follow the stream of the Panaro, as far as to tlie mountain 
of Boscoloiigo ; and then, descending on the opposite side, I pro- 
ceeded along the banks of the torrent Lima for several miles. At 
another time, I ascended, for my own satisfaction, the river Magra 
from its entrance into the sea, near Sarzana, to seven miles above 
Pontremoli ; and I visited the seven sources, which, at the point of 
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their union, assume the name of Magra. Then, passing over the 
summit of the mountain, I observed, within the distance of half a 
mile, the twelve sources of the Taro, which I followed for several 
miles. On various occasions, I have traced for a great way the 
courses of other rivers*, and 1 have never perceived the slightest 
reason to suspect, that they derived their origin from any but me- 
teorological causes, — rains, and snows, 

Jn ascendiiig the bed of a river, it will he observed to be spread 
over with substances that are constantly increasing in size ; and it 
will he remarked, tliat, in equal spaces, the fall of the waters becomes 
greater, and their quantity less. This diminution proceeds in a con- 
tinued succession of very small ditl'erences, and with so imperceptible 
a gradation, that to be justly estimatctl, it must be see?i. Tlu? prin- 
cipal trunk of the* river is (brmed of sevtaal branches smaller than 
itself, and these, of a great numl)or of ramilications constantly and 
gradually decTcasing in size. All the bottom and the l)anks of the 
receiving and entering streams arc covered with innumerable minute 
veins, which continually supply small threads of water. The first 
springs are very trifling, as are all tin* first rills, which, flow ing from 
so many different points, successively form or sw(!ll the stream. They 
may be observed distilling and trickling, dro]) by ilrop, down the 
damp sides of the hills and the mountains ; and tin? ground in their 
vicinity is so drenched, ;md even saturated with wait'.r, that wherever 
a small c.xcavation is dug, it is instuJitly filled. In a word, it is 
Evidently seen, that all tlu‘ l unning waters issue by little and little, 
at all points of the surface, from the very crust or shell of the earth ; 
and, that it is a physical reverie to imagine that there are subteira- 
nean ducts, which convey a wdiole river from the surface of the sea 
to the summits of the mountains. 

To demonstrate this more fully, it is to be observed, that the or- 
dinary quantity of the waters that flow in rivers is very small in com- 


* The To, for example, the Tesino, tlie Adda, the Reno, the Saveiiii, the Idicc, and the Fer- 
sina, as well ;is others, with about twenty small torrents. 
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parison with lliat wiiich is discharged in moderate and great Hoods. 
Rivers, in higli floods, increase to many times their usual height. 
The Seine, at the Pont-Royal of Paris, has sometimes in summer 
only three feet, or three feet and a half, of water ; but in the great 
floods ot IJ'ld, 171‘h and l/dO, it rose to twenty feet and a half*. 
The Po, in ordinary floods, quadnijflcs its height ; so that, siijjposing 
the breadth of its bed to remain the same, the Po, in one day when 
flooded, yields as much water as in eight days when it is low. If to 
this be addetl the great enlargement of the bed in the time of the 
floods, and it be also recollected, that the Po is generally flooded two 
or three times a year, each flood lasting from thirty to forty days, 
besides several otlier moderate swells, there will be no tlifticulty in 
allowing that the gresitest quantity of water flows during its floods. 
There can be no doubt, however, tliat these floods are (uiused solely 
by rains, or by snows. A river, indeed, is n(wi;r jjerceived toincieasc 
without plentiful rains, or without its being known that a great melt- 
ing of tlu; snow has taken [)luce in the mountains. Tlie jKasants 
huA’c sure indications ol' tlie appniaching floods in the slate of the air, 
the prevailing winds, or other uu^leors ; and they know when to 
remove, in suflieimit time, whatever may be requisite, out of the 
way of tlie torrents, which are subject to sudden rises. 

We have another jiroof of this truth in Italy, when; tlu* greater 
part of the mountains and hills are com|)osed of liglit soil. The 
Thames and tlie other rivers in England do not bring down many 
sorts of substances with their streams ; and they preserve' their trans- 
|)areney in a suflicieut degree even during tlieir floods t. It is from 
this cause that the arches ol’ tlu' OKI, or London, Bridge, and those 
of the New, or Westminster, Ihidge, are equally free, and that the 
bottom of the whole of the river is not sensibly raised |. Wh’th 
us, the waters, which fall on the tops of the mountains, tlelach and 


^ Iti 17 10, it ro:sc to 2;> feet: iu tu 21 feet ; nrul in 1/03, to 22^. 

f Not eorreet. T. 

f Londoit Bridire is j-Teatly ob.strncted ; and it is owing to the quantity of ballast taken out 
that the bed of the river is not raivsed. T. 

n 2 
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bring down a great quantity of various substances. The coarsest 
sands, gravels, and stones, are swept on, in irregular masses, by the 
impetuosity of tlic waters ; and are precipitiited here and there, 
without any fixed direction, to the bottom of the stream, and aban- 
doned in succession, at dilFerent distances, from its source. The 
largest stones, and those of which the forms are the least regular, 
remain always in the upper trunks of the rivers ; and, as the fall 
and force diminish in the lower, the streams there carry forward 
only the round stones, and gra> els and flints always lessening gra- 
dually in size. The coarse sand extends far beyond the limits of 
the gravels. The fine saiuls, anti the earthy paiticles, with others 
of a similar nature, being in specific gravity but a very little heavier 
than water, are raised from the bottom by the violence of the mo- 
tion, and, from the tliflicnlty which they encounter in sinking, form 
one body with the waters, which the}' tleprive of their transparency, 
and reduce to that state in which they are ])ropeily called turbid. 
The change of colour that is remarked on tlie first rise of the 
streams is a certain indication of their course, and of the })laces from 
which they come. 

Another important observation ofl'ers its(df. All great rivers, and 
their subsidiary streams, commencing at dilfercnt distanci's, their 
freshes do not come down in the sanu' periods of time : and, sup- 
posing that there is a general rain in tlie mountains, or a sudden 
melting of the snows, tliose torrents, whicli have the least tlistance to 
flow before tlu.‘y reach a certain ))oint, are the first that arc there 
flooded. Thus it frecjueutly haj)j)ens, that an affluent is turbid, 
when the recipient is clear ; and that, on the other hand, the I’resh 
of the affluent having passed by, the recipient stream alone remains 
discoloured. It is then, that one may clearly perceive that the waters 
of the subsidiary continue to flow, lor a considerable distance along 
their own margin, without mixing in the smallest dc'gree with the 
waters of the principal stream *. This has been already oljserved 


* 1 hsjvc frcfiutiiiily observed tliis at the connuences of the Gogra the Soane, the Gunduck, 
and the Cuoi^a, where ihey join the Ganges. T, 
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by Father Grandi, and by several others, in the Tesino, and the 
Panaro, affluents of the Po, at the time of the visits which were made 
in those parts by public autliority ; and I have myself made similar 
observations at the mouths of the Tesino, and of the I„ambro. I there 
observed also, that as the soils, on which the waters that occasion 
the Hoods in these rivers lall, are of a dillerent nature, so the turbids 
which they bring down are likewise of different qualities. 

To these variations, which arise from the tliflerence of places, 
must be added those occasiont'd by the dilferenccj of times. The 
changes which have taken place in these latter ages on the surfaces 
of the mountains, the clearing away of the woods and brushwood, 
and the cultivations very unadvisedly undertaken on the steej)est 
declivities, are the unfortunate causes why the rains carry into the 
l)eds of streams a much grc'ater q\iantity of various substances than 
they formerly carried ; because the obstructions that were [)resented 
by bushes and [)lants having been removed, the waters fh»w more 
abuiulantly, and with greater celerity, into the ri\ ers ; and passing 
over lands stirred up by tlie plough and the spatle, they are more 
loaded willi sands, earths, and stomps, than formerly. 

In short, all the phenomena of floods ; the laws, liy which they 
increase and diminish ; the substances, which they sweej) along with 
them ; all clearly point out, that they derive their origin from the 
rains that fall on tlic declivities of the mountains ami into the beds 
of the rivers. Seeing then, the greatest (piantity of water, as has 
been before observed, is brought down by the rivers in the time of 
their high and moderate floods, it would be unreasonable not to 
admit that the waters, when low, liave the same origin. 

On the other hand, it is certain, that in whatever manner the 
waters of the sea, shaken, filtered, and, if it is possible, rendered 
fresh in the bow'els of the earth, could reach us, they wouki be always 
different from other waters, which fall directly from tin; clouds. Hut 
the water of a river, whether at its greatest, or lowest height, is 
always of the same quality. At Paris, and at London, Avhere the 
water of the Seine, and of the Thames, is used all the year round. 
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when it has passed through tlie same filters, and is purified of all its 
earthy particles, no difterence is })erce[)tible, either in taste or colour, 
at Aarious times, or in difFtaent seasons of the year. Chemistry 
itself has not been able to point out any sensible difference. It is, 
therefore, conclusive, that the waters in rivers, Avhethei- they are high, 
or are low, whether in time of rain, or in dry seasons, derive theip 
origin from the same causes. 

MoreoATa*, the droughts that arc felt in the plains, parlicidarly in 
the summer season, never take place on the summits of the moun- 
tains. The absolute ciuantity of rain that falls every year is greater 
in proportion to the proximity of the places to the slojies of the 
most elevated mountains. At Paris, it is about eighteen or tAventy 
inches. At Milan, it is about forty inches ; and in 1765, it exceeded 
fortA'-seven. In the mountains of Garfiignana, it extends from ninety 
to one hundred inches. Tempests and rains are always more fre- 
quent and more plentiful in mountainous districts. Tln^ summits of 
the Alps and the A[)ennines are covered, even in summei’, Avith 
snow. The fogs, Avhich envelop the mountains, keej) uj) a jierpetual 
humidity, ami supjily the place of a continual and invisible rain. 
There is, therefore, on the mountains a suilicient quanlity of Avater, 
to afford a constant siqiply to the sources of rivei’s, c\ en when the 
loAvlands ex|)eriem:c tlu; greatest droughts. 

Thus, it is useless to enter at length into all the calculations of 
Mariotte, Halley, and several others, avIio, starting a arious hypotheses 
very A aguely, on tlie a elocity and capacity of the jn incipal ri\ ers, haA C 
sought to prove, that the ([uantityof Avater, whit:h falls annually from 
the heavens, be it in rains, or in snows, is much greater than all that 
is c^arritul otf by the i ii ers* ; for, it is a fact, ascertained purely by 
observation, that all tin; Avater of torrents and rivers in great and 
moderate rises, is carried into their beds from melted snoAvs, or 
from general rains which fall chiefly in the sjiring and autumnal 
seasons ; and it is likcAvise simply a fact, that the rains, the fogs. 


* Qiitry, Is not ;i considerable tjuantity absorbed by the earth, to render it fertile P T. 
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and the perpetual snows on the mountains, supply tlu' remainder in 
the greatest droughts of summer. 

The gieat reservoirs and hollows, which are found on the summits 
of mountains, are filled by the heavy rains ; and, as the quantity of 
evaporation is kiSS, lakes are fo»md there throughout the year. 
There arc some on the: mountains of Pistoia, near the sources of 
the Ombrone, and of the Reno ; and 1 have seen many others in 
<livers [ilaces. Scheutzer and Vallisiiieri imagined that these lakes 
and other reservoirs of water resembled so many siphons, e.Kcavated 
internally in the chalk, sandstone, and other substances that com- 
pos<‘ the bony [)arts of mountains, and serving to supply the first 
springs of rivers, which take tluar rise sometimes from the tops of 
other less elevated mountains. For my own part, I am not aware, 
that any spj'ings rise on the smnmits of mountains, having always 
<liscovered them disjiersed lu'rc and there on their slopes. I have, 
besides, observed, that, in the vicinity of springs, all the grounds 
were damp and moist, as if saturated with water : and it is certain, 
that the cracks and srnall channels, in the uncultivated ground on 
the toj)s of mountains, permit the rains to enter and insinuate 
themselves much more deeply than they can tio in the cultivated 
lands of the plains, \vhcr'e nothing but the mere surlace is penetrated 
by the moisture. 

It is, therefore, needless to devise any system. The quantity of 
rain, and of snows that fall and melt, the quality of the lantls, which 
imbibe them on the tops of the mountains, and the inclination of 
the slopes, which permit tliern to run off freely in the plains below, 
are sufficient to explain the phenomena, which are observed in the 
origin, the course, and the swell of all rivers. 
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CHAP. II. 


ON" THE SUBSTANCES BROUGHT DOWN B\ KIVEIIS. 

We remarked, in the preceding cha[)ter, the regular gradation in 
which, when descending tlje bed of any river, vve meet with, first, 
large and rough masses of stones ; afterwards, round stones, smaller 
in succession ; then, large and small gravel ; and, last of all, sand 
and pure earth. This gradation is a fact every where constantly 
observed : it remains that we assign for it an adequate cause. 

Guglielmini, in tlie sixth chapter of his work, treating on the 
nature of ri\'crs, is of opinion that the santls are nothing but stones 
pulverised, just a\s stones are often composed ol sands bound 
together, lie Ivas bc*sides observed, tluit stones, impelled by the 
impetuosity of the water, rolling over aind striking eaich other, must 
break aind contimuilly wear awaiy. He considered the polish, which 
gravels take in streams, Jis a manifest sign of their abrasion ; and, 
that the incessant murmur tlnit is heard in tlie beds of rivers, which 
carry graivels, wais less the efl’ect of the mutuad shock of the waters, 
than of the continual striking of the stones agaiinst each other. In 
a word, he Jisserts that stones, bv their mutual collision aind friction, 
become round, constantly diminish in bulk, become by degrees 
either large or small gravel, and are ait last ground down and 
reduced to common sands. 

As for myself, 1 am of opinion, that round stones, gravels, and 
sands, arc substaiK-es originally prepared by nciture, and spread all 
over the globe : thait stones, turning and rolling on the bed of a river, 
may there receive a greater degree of polish, and sands may possibly 
become smaller ; but that stones aind gravels, striking and rubbing 
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against each other, however great may be the force, can never be 
converted into sand ; and, finally, that the constant diminution in 
the size of these substances in rivers arises Irom the lessening of 
the fall, and the decrease of impetuosity in the running waters, 
which, leaving the largest and roughest stones in the upper parts 
of the beds, convey to considerable distances only the round stones, 
and gravels constantly and gradually smaller and smaller. 

In the first place, whatever may be the force and effect of friction 
in the beds of rivers, it must necessarily be granted, that the sands 
which arc scattered about, or heaped together, in such quantities 
on the mountains, on the plains, and even under the surface of the 
earth, are original sands, and as ancient as the Creation. In fact, 
what could ha^'e been the material causes which coulil, by any 
accident, have concurred to form those immense, deep, and uniform 
layers of sand in Numidia, in the vast deserts of Tartary, and in so 
many other plains at a distance from all rivers, and from the sea? 
Even in plains that are watered by rivers and torrents, and where 
there are found very large beds of sand, there is no corresjiondence 
between the distribution of these layers of sand, and the course of 
the rivers and torrents. 

In the Memoii’s of the Royal Academy of Sciences at Paris, tor 
the year 1746, M. Guettard, in his Mineralogical Chart of France 
and England, remarking on the distribution and bearings of the 
three layers of gravel, of sand, and of clay, express(3s his conviction 
that the substances, which are there discovered, enter into the 
original composition of our Globe. The subterraneous beds of sand 
and gravel discovered in Lombardy, and in Holland, as well as in 
many other places, are so abundant, and of so great a depth, that 
it is quite impossible to imagine they could be formed from 
substances ground down and deposited by the action of rivers. 
There is also discovered in lulls, and in mountains, where, to all 
appearance, there has never been any river, an immense quantity of 
sands, and of large and small gravel. M. Tsirgioni, in his Travels 
through Tuscany, has given an ample description of the various 
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beds of all these substances that are there met with in several hills. 
At Saiiit-Loup, at Saint-Cassien, and at other places, where the 
road is cut through the mountain, all travellers may observe how 
the beds of sands, of gravels, and of stones, round and smooth, are 
disposed. The Plain of Lombardy, which is comprehended between 
the two upper trunks of the Adda and the Tesino, as w^ell as all tlie 
plains at the foot of the mountains, are amply spread over with sands, 
and large and small gravels. 

If, therefore, the sands of mountains, of hills, and of so many 
extensive plains, are original substances, there is no reason to 
believe, that those which are found in the beds of rivers and torrents, 
and which perfectly resemble the former in figure, hardness, and 
weight, have a difterent origin, and that they have been formed 
from the grinding down of stones and gravels. It is also improbable, 
that round smooth stones, striking and rubbing against eacli other, 
could detach so many small irregular stones, fiunished with such 
numerous shar|>-pointed angles, as sands are. Besides, if the 
essential and intrinsic dilfercnce between sand and stones is observed, 
it will cdearly appear, that, generally sj)tniking, savuls do not com- 
pose stones, and that stones cannot be resolved into sands. In our 
rivers, as in the Arno, the Reno, the Adda, the Tesino, &c. it is 
rather uncommon to find such stones as are properly termed sand- 
stones, from their being composed of sands united together : even 
fusible and vitrifiable stones arc; but seldom found. The stones and 
gravels of our rivers are for the greater part calcareous ; and 1 should 
think, that J assigned a very favourable proportion in asserting, that 
scarcely one in a thousand of the stones of the Reno will be found 
to be vitrifiable, while rill the rest will be calcinable. Nevertheless, 
the sands of these rivers, at least when they &,re cleansed from the 
muddy particles, are for the greater part of a siliceous substance, 
angular, very hard, and vitrifiable. The particles of a calcareous 
nature found mixed u ith them are very fe;w, and out of a thousand 
grains of sand scarcely five can be calcined. The rest are fusible and 
vitrifiable. Whence it follows, that the stones and gravels in our 
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rivers, at least the greater part of them, are not composed of united 
sands. And as the shock and friction of these substances cannot 
change the nature of the minute particles of which they are com- 
posed, it is therefore impossible to believe, that sands are small 
pieces of stone tlivided and pulverised, as Guglielmini imagined. 

I will add to these Observations some Experiments. I passed over 
a grindstone, for a considerable length of time, various sorts of river 
stones, and I put a large quantity of them into wooden boxes, which 
were violently shaken for niatiy hours : all that was taken olf by the 
grindstones in the first exjieriment, and that was found in the angles 
of the boxes in the second, was merely a very line whitish dust, 
which a breath dispersed in the air ; and which, when thrown into 
standing water, coukl never entirely subside : and although, on 
ojiening the boxes, broken pieces were sometimes found, and some- 
times scales from their seclions, it never hapjiened, however long 
tliey iniglit have been shaken, that lhad it in my power to obtain a 
single grain of sand, either from grit-stones, or from those of a 
calcareous nature. Having also pounded grit-stones, in various 
ways, and caused them to be shaken togetlier lor a great length of 
time, I was not able, even then, to collect any sort of substance 
from the bottom of the boxes but simple dust. 

This is a subject on which any person may easily try an experi- 
ment for himst'lf, by rubliing two stones against each other between 
his hands, and observing the nature of the matter that will detach 
itself from their surface, liowever great may be the force of the 
friction. If, then, it may sometimes happen, that grit-stones, being 
decomposed, are reduced to the small grains of sand which formed 
their component parts, this will certainly arise from any other causes 
I’ather than collision and friction. The tlilferent actions of heat and 
cold, dilating and contracting variously their parts, the humidity of the 
air that has penetrated them, and other similar accidental causes, 
may sometimes sepai ate and dissolve them. But sandstones, as we 
have already observed, are very rare in our rivers, and the combina- 
tion of causes just mentioned must be still more so. Generally 

c 2 



12 


ON THE S(IBSTjVN(JES 


Book (. 


speaking, the concussion and friction of the stones and gravels which 
are found in the beds of rivers, however gieat and however long con- 
tinued they may be, can never form sands, and can only produce 
a veiy fine dust. 

To set the present question finally at rest, I endeavoured to ascer- 
tain what quantity of dust could be obtained by simple friction, and 
what diminution takes place in stones and gravels ; and to (letermine 
the point, I consideretl the space, and the time, of the friction. 

To decide the time con’cctly, I selected forty river stones, white 
and gray, of various sizes, large and small : I caused them to be 
shaken in every direction, in a box of wood well closed, with the 
utmost force that could be ajiplied by a man, at different intervals, 
for two hours together ; after which, on collecting the dust found at 
the bottom of the box, with five little irregular pieces of stone, and 
adding the sediment I found in the water twenty-four hours after 
both the one and the other had been washed in it, 1 discovered 
only two ounces. The whole w’eight of the stones altogether having 
been five hundred and four ounces, it follows, that it would have 
required an application of the same forcre for twenty-one tlays to 
produce an entire dissolution of the stones : — a term nmcli longer 
than would be required for waters running at the rate of four or five 
miles an hour, as is the case at their surface, and with the still 
greater velocity wliich they have at the bottom, to transport the 
substances, wliich they carry, from the first springs of the rivers to 
the utmost limits of the gravels. 

is ext, to determine the space required, I caused two river stones 
to be ground on a grindstone, by pressing their flattest parts with the 
greatest possible force against it. After 2,200 turns of the stone, 
which gave about 4,267 braces* as the space run over, the stones 
were a little flattened from about three inches in diameter, and had 
each lost about one twenty-fourth part of an ounce in weight. 

Whence it results, that, supposing stones to move at the bottom 


* The hracf:, or cubits of Milan, is about 20 English inches. T. 
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of rivers with a velocity equal to that of the grindstone, and the 
force of the friction in both cases to be the same, it would require, 
to the entire dissolution of stones ten or twelve ounces in weight, 
that tliey should pass through a far greater space than the whole 
length of our rivers. 

One may, however, observe, that the force of concussion, and of 
friction, in the beds of rivers must be much less than that which is 
used in passing stones over the grindstone, or shaking them 
violently in boxes. The concussions of river stones with each otlier 
should be estimated by the relative velocity ; that is, by the difference 
of the velocities w ith which they are carried along by the water. 
Sands, slime, and other earthy substances, which are almost always 
interposed between the stones, and even the water in which they 
swim, considerably diminish the action of the stones upon each 
other. Even the friction is very small, as Father Belgrade has 
demonstrated at great length in his elegant Dissertation on the 
DiminutioJi of Stony Masses in Torrents and Rivers. He has ob- 
served, that stones, torn from the mountains, are precipitated dowm 
their declivities, tuining, for the greater part of the time, on their 
own centres ; that they continue to roll along in the same manner in 
the beds of torrents, until, the slopes becoming less, they afterwards 
slide along the bottom, rubbing against it, and are thrown here and 
there by the diret:tion of the current, and the impetuosity of the 
wuters. He then observes, that, during the whole time in which the 
stones descend rolling and turning round their centre of gravity, the 
projecting sharp points of some can hardly enter into and get 
entangled in the cavities and tlcpressions t>f others ; and thence it 
results, that the friction is small. Lastly, he has remarkcKl, that as the 
stones, in sliding along the bottom, present always the same surface 
in contact, the friction will then arise from the pressure, and the pres- 
sure again from the weight of the stones that scrape the bed, which 
can produce only a trifling efl’ect, since river vStones, generally 
speaking, are exceedingly light. 

Father Grandi, in his Considerations on the Dam of the Era, has dis • 
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coveretl, by several experiments, that the specific gravities of the 
gravel in the water, and of the water itself, were nearly as five to 
three ; whence he infers, that tlie transverse impetuosity of the waters 
was soinetiines sufficient to raise the gravels from the bottom, and to 
throw them on the edges of the dikes, and even on the free-sides, and 
to the tops of their steepest embankments. A montons has since 
asserted, that the resistance produced by the friction is equal to 
one-third of the weight; from which it appears, that the friction of 
river stones and gravels must in every point of view be very small. 

The great difference, which exists between tlie friction tliat stones 
naturally experience in the beds of rivers and that which is artificially 
produced by means of grindstones, or in boxes, Ijeing once esta- 
blished, rm one can then possibly imagine, that gravels are pulverised 
by the impetuosity of the stream, or that stones sensibly lose their 
weight. ^J’he most furious eruptions of stones are tliose which take 
place on the first great floods : even then, liowever, as the stones 
are descendinj^ froni the sources of the rivers to tin* utmost limits of 
the gravels, neither time, nor space, sufficient is afforded greatly to 
reduce their original size. The action of the stones, which are set 
in motion, three or four times in the year, by the subsequent freshes, 
on the stones already deposited in the beds of the stieams, must 
undoubtedly be consitlcrcd as much less ; and it is certain, that the 
friction of the stones on all those which they encounter, in running 
the whole length of the river, is far greater than tliat which can be 
experienced by any given number of otht^r stones which run over 
them in the other freshes. 

Very little effect is to be expected from that rising and general 
reversing, whicli Viviani has observed to take place in violent floods, 
from the nearest to the most distant places, from the right to the 
left, and from the surfac e to the bottom. The action of the waters, 
which strike the stones, and constantly impel them forward, ought 
not to be. reckoned ; for a small thread of water cannot experience 
any sensible resistance from the sharp edge of a stone, when struck 
obliquely. The hardness of river pebbles loo is so great, that our 
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highways in Lombarcfy, which are covered with these gravels and 
stones, though continually beaten by carts, carriages, and horses* 
have no discernible marks of wear, although these roads have been 
made a great number of years. 

The low deep noise that is heard in rivers during great floods, 
not only in sueli as carry gravels, but even when they bear along 
only sands and silt, marks the action of the water on the air, rather 
than on substances moved and tossed about on the bottom ; for 
even if these substances rubbed against and cruslual each other, 
they could not emit a sound to reach our ears, being covered \yith 
water to the dej)th of several feet. 

It may with truth, then, be asserted, that the shock and mutual 
collision of stones with each other and with running water may well 
smooth and, sometimes, polish them, and thus in some measure 
diminish their bulk, change their shape, and lessen their surface : — 
a position, which I never preteudtjd to deny ; but they can never 
reduce them to sand, or to powder; neither can they sensibly 
diminish their weight. 

It is certain, that the constant friction which stones meet with in 
the beds of rivers, although it is insuflicient to dissolve, or consider- 
ably lessen, either stones, or gravels, may yet be adequate to render 
them smoother, and to give them a greater degree of polish. Stones 
that are rough and uneven, may by means of friction more readily 
diminish in substance, because the angles and points of other 
stones, and, above all, sands, entering without obstacle into the 
small cavities of their surlaces, it requires, to round and polish them, 
only Ihe application of a sufficient force to break ofl' the small pro- 
jections that constitute their roughness. But, when the stones have 
acquirefl a certain degree of smoothness and polish, as they have 
then neither elevati(.)ns, nor hollows ca])able ot admitting [>oints and 
angles, a much greater power becomes requisite to introduce into 
their surface these very angles and points. 

Upon this partievdar we may consult experience. Take any piece 
of marble, provided it is rough and uneven, rub it hard with a stone 
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and wet sand, or any other powder, with a determinate force, arid 
for a given time, and a certain portion will be taken offi greater or 
less in proportion to the roughness and inequalities of the surface ; 
but when once the marble is smooth and polished, a much greater 
time will be required to produce any sensible diminution in the 
solid mass. 

Similar results might be deduced from the experiments, which we 
have related, of the stones passed over a grindstone ; and it is the 
same with the other reflections which we have added. Whence it 
may be concluded, that the loss of substance in stones and gravels 
would be still smaller, if, for the friction on grindstones, which is 
termed jiattenhig, were to l)e substituted that called turning, which 
occurs in the experiments made on stones shaken in b{)xes ; and it 
is chiefly Ibis sort of friction that stones mt;et with in rivers. 

In j)olishing marble, glass, and other substances, with sand, it is 
observed, that the sand always becomes finer and finer in propor- 
tion to the continuance of the friction; so that sands, which at the 
commencement of the operation were very <;oarse, become by the end 
of it excessive ly fine and light. This arises from the different inter- 
joinings of their parts, and their irregular shapes : Ijy winch their 
points and angles are more easily broken off, as Avell as by the 
action of" the It'ver, which must not be overlooked, as far as regards 
the points most e.vposed and j)laced the farthest from the centre. 

Thus we esfal)lish an imjiortant truth, that although there is not 
in the beds of rivers any force sufficient sensibly to diminish the 
dimensions of the gravels, and to reduce them to powder, yet the 
cojitinual motion is adequate to give increasing polish to the gravels, 
and to render the sands finer and finer as they pass along. 

To reca]>itulate tluit which we have said above : round stones, 
gravels, and sands are original substances, torn from the mountains 
by the impetuosity the streams, and carried dov’iai in the beds of 
rivers. Their quantity and distribution in every quarter of the Globe, 
even in places where neither ri\'er nor torrent ever existed, evidently 
demonstrate, that these substances were originally prepiwed and 



Chap. 11 . 


BROUGHT DOWN BY RIVERS. 


ir 

arranged by Nature. M. de Biiffbn, ha\'iiig observeti, in his Natural 
History, Vol. I. Chap, vii., that round stones are found in different 
countries, on tlie surface, in the interior of the earth, and on tlic 
summits of mountains, as Leibnitz also has remarked in his Pro - 
togea, and as 1 have myself seen e\'en in the first springs of rivers, 
has thence concluded, that their rotumlity was the work of Nature. 
M. de Reaumur, in the Memoirs of the Academy of Science sfbr 1723, 
has drawn the same conclusion from the following observations, 
which he has made : — that all stones have some degree of roundness, 
that their angles are all blunted, and that their transverse section is 
curvilineal, and returns into itself. 

Thus, as it apjiears, that the gravt'ls of rivers are more smooth 
and better polished than those which are found spread over [dains 
and mountains, and, moreover, that the sands which are pro- 
gressively discovered in the lower beds of rivers ai’c gradually of a 
finer texture, the entire effect of friction, and of the striking of these 
substances against each other, will be a greater polish in the exterior 
of stones and gravels, and a greater (ineness of the sands : that is, 
in the bosom of the ino\mtains, where the falls are precipitous, anti 
W’hcre the running waters detach and sweep down large (|uantilies 
of stones, gravels, and sands, the stones and gra\ els, reci|)rocally 
striking anti rubbing each other with the sands with winch they are 
mixed, will become more [tolished and rounder ; but, the impetuosity 
and force of the waters detweasing with the fall, it will be oidy the 
smallest and bluntest stones that will follow the course of the rivers, 
and the points and angles of the sands that roll down along with tliein 
being no longer able to insinuate tljemselves into their surfaces, such 
stones cannot be reduced to sands, neither can they undergo any 
sensible diminution. In the sequel of their course, these stones, 
continually changing their situjitions with each other, and also with 
the uneven parts of the bottom, will acquire such a degree of resist- 
ance as the w'ater will not be able to conquer ; so that, without going 
further down, they will be fixed on the bottom, and become a part of 
the bed. Hence results the succession of stones always gratlually 
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less* and the conformation that is observed in the last limits of 
gravels ; so that, in following the course of any river, you will pass 
from a bottom entirely covered with gravel to one where you will 
meet only with some pebbles dispersed here and there ; after which, 
no more gravel will be met with, except in places where the waters 
are deeper and more rapid ; and, lastly, sands only will be found, 
which, lessening by degrees in their dimensions, flow on, with the 
other turbid and muddy substances, to the sea. 
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CHAP. m. 

ON THE FIRST TRUNKS OF RIVERS AND TORRENTS. 

The question, which was discussed and decided in the last Chapter, 
is not only interesting to philosojihical curiosity and erudition, but 
also of essential iinpoitance, both in theory, and in practice, to the 
scientific direction of rivers and torrents. 

Gugliehnini, Chap. v. Prop, vi., when stating, that stones and 
gravels, striking against each other in tlic betls of rivers, by their 
mutual friction sensibly reduced their substances, and by slow 
degrees were ground down to sands ; assiuning, at the same time, 
that the whole of this operation of wearing down and dissolving the 
stones could take place in the space between the first springs of the 
river and the utmost limits of the gravels ; was of opinion, that, 
when fresh gravels came down, the river lieds would not be raised, 
and that the whole (juantity, whic:h was daily supplied, would not 
be more than adequate to meet the consumjition. 

On the other hand, if the stones and grai els are not turned into 
sands, and do not reach tlie sea, but remain in the river beds as they 
have been carrietl down by the freshes, it will necessarily follow, 
that the beds of rivers that flow over gravels must continually be 
raised : and this is exactly conformable to the most careful oliserva- 
tions. There is no person in Tuscany that either disputes, or doubts, 
the increased elevation of the Arno, and of the other torrents. It 
was observed, in the Visit of Riviera, that the Reno had raised its 
bed in the upper parts of its course ; and it is a fact, that, a few 
years prior to this Visit, the embankments of that stream were 
extended as far as the Bridge on the .®miiian Way, though, at the 
Visits of d’Adda and Barberini, they commenced only at the Church' 
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of Trebbo. Tlie rising of the bed of the Crostolo, and of the 
Secchia, was also noticed at the Visit of Rinuccini. In like manner, 
it was observed, tliat, from the year 1^23 to 1701 , the bottom of the 
I-iavino had raisetl itself nearly four feet at the Bridge on* the road 
to S. Giovanni. All the bridges in Lombardy, the arches of which 
arc either completely, or ])artially, obstructed, exhibit to every })as- 
senger the quantity of gravels, which are there accumulated. At 
Pontremoli, where the Magra receives a great tributary stream, I 
have observed the remains of ancient houses below the gronnd-jdan, 
of those at present occupied. 

Nevertheless, it is not correct to assert, as some persons have done, 
that, il river stones were not by degrees converted into sands, and 
were not under this new torm conveyed to the sea, the raising and 
filling u}) of the beds of the livers woultl lie so great, that the 
streams, flowing backwards, would inundate the low lands, and be 
turned out of their first channels. For, in the first place, running 
waters sweep down new gravels only in the first violent burstings of 
each particular flood ; and, besides, the quantity of gravel so swept 
down is not so great as some have imaginetl. A considerable quantity 
also is used in the repairs of the roads, or for other purposes. It has 
been calculated, that there are annually taken out of the Reno 
125,000 cubic feet of gravel merely to repair the highways. Hence 
rivers cannot, in general, raise their beds so as to overflow their banks, 
and to turn themselves out of their channels. But there sometimes 
happen cases, in which extraordinary .quantities of gravel are brought 
down : and then, cither the river must be secured between very high 
banks, as was done to the Ombroiie ; or the stream will bt; compelled 
to change its bed, as has actually hap})ened to the Reno, to the 
Panaro, and to the Taro, and not unfrequently occurs in the hiffher 
branches of the Po, in those parts w here the gravels are largest and the 
most plentiful. With respect to the lower channels, into which a less 
quantity of substances is brought, and where, of course, the bottom is 
not so perceptibly elevated, although it is always raised to a certain 
degree ; it is useless to inquire what may befall them in length of 
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time, and what may be the state or course of our rivers some centuries 
hence. 

It is very certain, that, in |)laces where tiie courses of rivers are 
impeded by rocks, or similar obstructions, or are crossed by some 
sluic'e, dam, or cataract, the wliole bottom of the river is more 
elevated : bec;ause, as is well observed by Giiglielmini, Chaj). xii. the 
dam, or sluice, as soon as erected, by refusing a free passage to the 
water, and retarding its stream, facilitates tlie de[>osition of stones and 
gravels ; and the bed of the river, at the sluice, being thus raised to 
the height of the sluice, causes a proportional heightening in the 
upper parts of the same bed. Of this circumstance we have a singular 
exami)le in Florence, where the Arno, passing through the centre of 
that city, is enclosed betvvc^cn the two Dams of St. Nicholas and dell’ 
Uccello, Its bottom is raised to tlie toj) of this last mentioned mound. 
Viviani has demotistrated, in the six first paragraphs of his c;elebrated 
Discourse on tlu^ Arno, that the bottom of this river is continually 
rising, either from stones, or from gravels, or from sands, and even 
earth, as far as to its entrance into the sea. He has proved the 
assertion generally, l)y the loss of fall at the Mills, by the filling up of 
the arches in the Bridges, and by the increasing I'levation of the 
beds of the tributary stre;inis of the Bisenzio, and of the Dmbrone, 
above the level of the country. He has, further, collected tlie several 
observations which lie made in the; s[)ace comprelierideil between the 
two Dams, whether on the sewers, or the |)averaents, or the foundations 
of ancient edifices, by which the great rise in the bed of the river may 
easily be discerned. 

The most important observation is, that, in the year 1677 j Viviani, 
then intrusted with the re[jairs of a part of the foundations of the 
Great Palace of Public OlRces, having brought forward, towards the 
river, the ancient windows of the vaults of the grand front, caused 
them to be walled up a brace * and a half higher, on the as- 
surances given him by persons well acquainted with the spot, who 
declared, that, in the great floods of the immediately preceding years* 


* The hraccy or cubit, of Florence h about 22 English inches. T, 
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the water, entering by these windows, which it had never done in 
the greatest floods of former seasons, compelled the removal of the 
horses from the stables, and, independently of the expense occasioned 
to clear out the mud and filth, rendered them at the same time so 
unhealthy that the horses were sick for several months. There is, 
however, every reason to believe, that so celebrated an architect as 
Vasari, who in 1560 planned and superintended this magnificent 
Residence of Magistracy, and particularly the grand front, which, 
he himself asserted, liad its foundations laid on the river, and almost 
in the air, took the precaution to raise the windows to such a height, 
that, in his own time at least, the waters could not enter, even at 
the highest floods. 

Difl'erent schemes were formerly proposed to prevent the reflux 
and overflowing of the waters, and the other inconveniences, which 
were occasioned by so great a rise in the bed of the Ai no. These 
projects were collected and examined by Tupicini, in a Discourse 
printed in 1591, and have lately been reproposed with various 
modifications : they may all be reduced, in substance, to three. 

The first is, to diminish the height of the water in floods, by turning 
the strtjam of the Arno either wholly or })artially from Florence, or 
by opening above this City a large drain to receive the superabundant 
waters in great freshes, anti to. return them into the river below the 
Towti. It may be objecfetl against this plan, that to tuni out of its 
ancient bed a river so large, and so rapid, as tlie Arno, is an experi- 
ment improper to be tried, or even to be proposed ; and, that 
all the deflections that can be made in the streams of rivers do not 
serve to diminish the height of the waters in great floods, as we shall 
demonstrate at great length in the proper place. 

The second scheme was, to raise the embankments of the Amo, 
and to close all the side-openings of the quays, taking means to pro- 
cure other outlets for the sewers ; lest the waters, if not prevented 
from flowing back through these openings, should commence by first 
inundating the lower parts, and then continuing to spread them- 
selves through the City, should there occasion great damage. But, 
besides the very great difficulty of turning, or of reuniting, all 
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the drains, and of closing such numerous openings, each of which 
would be sufficient in great floods to lay the town under water, 
several other obstacles present themselves. Firsts the raising the 
parapets one cubit, as last proposed, would occasion the loss ()f the 
fine view of the Arno, without securing the city from inundations in 
the time of very great floods : secondly, a considerable risk would 
always be run by thus enclosing an entire river to the height of its 
greatest possible rise, and keeping it as it were suspended in the air 
between two walls. 

The third project was, to lower the bol.toin of the bed of the Ariio 
throughout the whole s[)acc of its course through Florence, by 
entirely or partially destroying the dams. To this it was objected, 
that, besides depriving the city of the important convenience of the 
mills, whose water was supplied by means of these darns, it would be 
exposing the edifices near the river to an evident danger of being 
ruined, particularly the Bridge of the Holy Trinity, which is a master- 
piece of architecture. It was assigned, as a foundation for these 
apprehensions, that in the great inundation, which took place in 1333, 
as related by Villani, a part of the dell’ Uccicllo Dam having been 
ruined, the stream tore up from its bottom so considerable a rpiantity 
of substances, that they swejrt away the two Bridges of la Carraia 
and of the Holy Trinity. I, how^ever, consider these fears as idle and 
groundless : because, in the first place, the ancient bridges at Floretjce 
had not the solidity and consistency with which they have been 
since rtibuilt ; and, in fact, there have been ot her occasions on which 
these bridges have been tluown down, although the dikes had not 
been destroyed. This was the case in the flootl of 1557, which swept 
away the Bridge of the Holy Trinity, and a considerable portion of 
that of la Carraia, as is naiTatetl in the Opuscules of 1’ Ammirato. But 
the new Bridge of the Holy Trinity, built by the Celebrated Aimnanati, 
has its foundations laid so deejily, and so substantially, that there is 
no reason to apprehend any sort of accident from the greatest floods. 
In the next place, the two cases are essentially dilfereut : in the one, 
the dam, destroyed in a high flood, opens a free and an unforeseen 
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outlet to the waters, which it had retained, and caused to swell back 
on the i)arts above it ; in the other, the dam, gradually lowered at 
the lowest ebbs, by affording free passage to the current diminishes 
the rise of the floods, and renders them less dangerous. 

I am, therefore, of opinion, that, in suffering the Upper Dam to re- 
main for the convenience of the Mills, and thereby retaining the greater 
part of tile gravel above the City, one might, without risk, reduce the 
height of the Lower ; and, further, I consider this as the only mode of 
guarding against the damages and inconveniences occasioned by the 
filling up of the bed of the Arno. The lowering of the dam would 
liring with it that of the whole bottom of the river, and cut up by the 
roots all the possibility of the reflux and overflowings of the water. 
By lowering it only a few- cubits, the City would be sufficiently 
secmetl ; aiul the mill-race, w'hich is derived from the dell’ Uccello 
Dam, and w hich enters first into the Bisenzio, and afterw.ards into the 
Arno, might still serve for the greater [lart of the year. In fine, other 
means might be found to supply the Lower Mills, without exposing 
so beautiful, so rich, and so magnificent a City to frequent inundations. 

But to return to the construction and mechanism ofdamst dt is 
cprtain, that, by throwing a dam across the bed of a river, the deposi- 
tion of stones and gnivels in the upper part is facilitated. But it is 
not true, that by this means it is possible to retain the whole of them 
in the upper beds. It was under this erroneous impression, that, in 
the last century, thej^ raised the mouth ol the; 0[)ening made in the 
torrent of la Nievole, above two-thirds of the rise of the great floods, 
with the intention of filling up some hollows by means of the 
deposites ; but the evtait turned out (juite contrary to the expectations 
formed, and, notwithstanding all the precautions that w'ere taken, the 
gravels of this torrent passed over the mound. 

Father Grandi, in his New Considerations on the Construction of 
a Dam in the Era, has assigned it as a reason for this effect, that the 
stones, being raised from the bottom, and carried along to some height 
by the impetuosity of the w aters, pass over the dams, and are precipi- 
tated below, although the bed of the river above the dams is not so 
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elevated as the top of the dam : and in proof of this assertion, he 
quotes the instance of the Dam of Ripafratta, on the Serchio- 

Gnglielmini, Chapl. vii. and xii., had already observed, in general, 
that dams and sluices retain only a small portion of the stones that 
are brought down from the niountains, that is, so much only as is 
requisite to fill up the void formed by the height of the sluice, which 
once filled, the river begins afresh to establish its bottom, above the 
sluice, on the same slope which it had before, and resumes its former 
tendency to carry down similar substances to those which it had 
formerly transported ; and, therefore, that, if sluices were not elevated 
considerably above the bed of the rivcw at first, and were not con- 
stantly raised afterwards, as Viviani has advised to be done in all 
the tributary streams of the Arno, it w ould be impossible to prevent 
the spilling of the gravels. 

The above- mentioned Father Grandi, in his Considerations on the 
Dam of w Inch we have just now' been sjiealving, tliought he could 
infer from some principles laid dow n by Gnglielmini, that the bottom 
of the river must establish itself on a curve; similar to that which it 
formerly had, whic h, Ijcginning at the top of the dam, would extend 
throughout the W'hole of the upper s[)ace, until it met some other 
dam, or a collection of roc:ks, or some other olistacle either natural 
or artificial, l)y w hich tlu* c ontinuity of the bed was interrupted, and 
which might, for this reason, l)e considered as the equivalent origin 
of the trunk below it. 

But the cc'lebrated Bacciali, in the First Part of the Secotid Volume 
of the Acts of the Academy of Bologna, has very judiciously remarked, 
that if, by the ojiposition of a dam, all the bed of a river were ecjually 
raised as far as its first origin, it would follow, of course, that the 
bottoms of all its tributary streams, and those of the drains of the 
lands, w'ould be raised in the same jn'oportion; because the raised bed 
of the receiving river would be to them as so many other dams : 
which, however, is not substantiated by facts. In reality, the sluice 
of five feet, made in the Idice, has done no mischief to the neighbour- 
hood ; and the same has been the case with that in the Bisenzio. It is 
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certain, that, if the velocity of the current had no other cause than its 
antecedent fall, it would be proper to assert, that, by opposing a dam 
to a stream, it would be compelled to adjust its new bed, backwards to 
its origin either true or equivalent ^ on a curve which would contain 
within itself all the numberless natural slopes of its ancient bottom, 
disposed nearly in the manner that Father Grandi mentions ; because, 
as it is the property of all turbid rivers to have a fixed slope, when once 
this slope is diminished in any river (no matter from what cause), as 
soon as there is a flood it will regain that slope by means of its de- 
posites, and raise its bed equally throughout the whole of the upper 
trunk. But in the particular case of dams, the waters, preci|>itated 
from the top, acquire a greater velocity ; and thost,'. which fall, being 
themselves accelerated, accelerate also those which follow: and thus 
all tlie iq)per bed disposes itselt into an ascending concavity, as Zan« 
drini has observed in various rivers, and as I have myself seen, par- 
ticularly at the fiunous Sluice of Casalecchio. Thence it arises, that 
rivers establish their bed on a less slope than they foi inerly liad ; and 
although it may so happen that these heightenings of the bed may 
reach to the very spring-head of the river, yet the bottom will never 
be raised in the upjjcr parts so much as it will be near the dams. 

Eustace Manfredi, in his Opinion on the Dam of the Era, 
explained himself in similar terms, and said, that throughout the 
whole space, to which the accelenition of the stream flowing with a 
free fall extends, the river would inn on a less slope than it would 
require if its bed were continuous : accordingly, he asserts, that the 
line of the new bottom above the dam should never be drawn, upwards, 
precisely ftom the top of the dam, but only from the point where the 
aforesaid acceleration begins to be insensible, which point is neces- 
sarily lower than the parallel line of the old bottom, drawn from the 
top of the dam, although it be higher than the horizontal line drawn 
from the same summit. 

To obtain some precise information on the distance to which the 
increase of velocity given to a river by a free fall is extended, we may 
consult one of the first engineers that Italy has produced. Barattieri, 
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in the Sixth Chapter of his Sixth Book, has described the bed of the 
Stirone, at twelve stations, within the space of six miles, from the Town 
of Saint-Donino to the Sluice, from which the waters descend with 
great velocity. According to the profile, which he has left us, the 
surface of the stream falls greatly in the last half-mile above the 
Sluice ; but a diminution of the body of the waters iind a lessening of 
their height are discernible at the distance of two miles- Thus the 
acceleration of the stream actually extends considerably upwards, 
although the difference of the velocities, distinguishable by the eye 
by means of floating bodies, is to be observed only at a veiy small 
distance from the sluices. Similar observations have been made by 
Manfredi, in his Notes on the Seventh Chapter of Guglielmini. 
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CHAP. IV. 

ON THE RECTIFICATION OF THE UPPER BEDS OP RIVERS. 

The practical rules, which ought to be observed in the upper trunks 
of rivers, will differ, essentially, according to the various opinions that 
are formed of the nature and origin of the substances brought down 
by their streams. For, if river stones, by constantly striking and 
rubbing against each other, wear away incessantly ; if gravels are so 
reducetl as to become smaller and smaller until in the end they are 
turned into sarul ; and, if all these operations can take place within 
the space com[)rised between the first springs of the river and the 
lowest limits of the grav els ; then, in augmenting, no matter by what 
means, the forirc and rapidity of the waters, whether by uniting 
several streams, and thus increasing their lu;ight, or by sliortening 
the distance they have to How, and so increasing their fall, it might 
be exjjected that a greater portion of gravel woultl be dissolved, and 
carried down, together with the other sands, to the sea. On the other 
hand, if, from tlie mutual shocks and the friction, no visible diminution 
takes place ; if the gravels arc not [lulv'crised and reduced to sands; 
and, if stones constantly remain stones, as we have already proved by 
so many arguments, experiments, and observations, no other result 
can possibly arise from increasing the fall, the volume, anti the 
impetuosity of the waters, but the comjielling of the stream to carry 
its gravx'ls farther in advance. But the same gravels will always re- 
main at the bottom, and must soon heightt'n the lower parts of the 
bed, and at length also the higher ; because fresh floods, loaded with 
new substances, which continue to descend on the lower plane of the 
rivers, already raised by the deposited gravel, will be compelled to 
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slacken their current, before increased by the augmentation of the 
preceding fall, and, being now unable to throw forward tlie weight 
with which they are loaded, will jierinit it to sink to the bottom : by 
which means the fresh sands, and the fresh gravels, mixing with those 
formerly brought down and deposited at these })laces, will consta ntly 
raise them more and more; and the fresh accumulations made in 
the lower parts will serve as a support to those that follow, which 
will therefore remain in the upper bed. 

In 1719, Manfredi, being consvdted upon a rectification proposed 
to be made in the Reno, at a place where it flows over gravel, 
in a written Report entirely disappro\ ed of the measure, assigning 
two different reasons in su|)port of his opinion. Tin; first was, that 
rivers, which carry gravel, do not generally accommodate themselves 
to the roads it is wished to compel them to take ; and, that, Avhenthey 
do so for a time, they shortly after quit them ami make themselves 
new beds, thereby rendering useless all the efforts of art, and ail the 
expenses incurred to restrain tlu!m. It is w(;ll ascertained, that rivers, 
whose bottoms are gravelly, at ev ery new flood make new dejvosites, 
irregularly, here and there, which, changing the surface of five l>ed, 
compel the thread of the stream to alter its course and situation. 
It is for this reason, that gravelly rivens with diflicully submit to 
restraint, or to a course assignc;d to them ; and this is the reason 
why it frequently happens, that rectifications and cuts made in them 
do not succeetl, contrary to what ha|)j)ens to .streams flowing over 
sands, which, although they do not alwa3's preserve the same 
state, still change less and for a shorter <listance ; and as it seldom 
happens, that their bottom ami the <;urrent of their stream are 
changed, their courses are, on this account, more easily restrained 
and regulated. 

The other reason, assigned by Manfredi, is, that, where a riv er is 
straightened, and its course is considerabl)' shortened, altliough 
there ought to resvdt a projvortional abasement of its upper bed, 
this good effect will be destroyed by the gravels, which will be 
pushed further on, and will raise the bed below the cut. According 
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to what has been already said on the origin and nature of river sub- 
stances, it may with certainty be predicted, that by shortening the 
course of tlie river, there will follow an extension of the gravels 
and a greater elevation of the bed, first in the parts below the cut, 
and aftenvards in all the upper channel. 

Thus, straightenings and new cuts, Avhich produce excellent effects 
in streams carrying substances of little grossness, can only injure the 
beds of those which transport gravel. 

For a decisive example, let us return to the river Arno. Viviani, 
after having demonstrated the considerable and constant heightening 
of the bed of this strc^am, pointed out the system proper to be 
adopted for its regulation. He proposed, first, to reduce the great 
slope of the side valleys nearest the Arno, by jilacing and construct- 
ing in them several sluices or traverses, at distances proportioned to 
each other, faced with good walls built with lime and sand, pierced 
with several tunnels, having substantial broad foundations, and a 
consideral)le outer slope, with raised ways at the foot, and several 
projections or steps in those places where it might be recpiisite, from 
time to time, to (.*arry them up to a greater height, after they had 
been reinforced l)ehind by the substances that might have been 
brought down and deposited by the water. Secondly, he ailvised 
planting in these valleys, above tlie sluices, very thick plantations of 
such trees as were suitable to the localities, and the nature of the soil, 
for the space of 300 braces, and even more if it could be cirectcd. 
Where the l)ottom was rocky, and nothing could be produced to 
repay the expense; of making such sluices, and no plantation of any 
kind could bt; formed to retain the matters brought down by the 
impetuosity of the stream, Viviani recommended to select in the 
lowest spot a convenient, level, space, of the least valuable quality, 
and to surround it with an embankraeut, to serve as a cesspool, 
where tliese sul)stances might be conveniently deposited. Thirdly, he 
proposed to reduce the excessive fall of the Arno, below the Incisa, 
by re-establishing some ancient dikes, and constructing some new 
ones; and to make a similar rampart of dikes across the bed of the 
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Sieve, at some distance from its opening into the Arno, as well as 
at the entrances of the other small rivers and brooks that flow into 
it. On the whole, Viviani laid it down as a first principle, that 
it was requisite to traverse and obstruct the course of the Amo, in 
whatever way it couhl be effected, and to compel this river, as 
much as possible, to leave its large gravels and stones in its upper 
beds. 

A desire to establish a more commodious navigation on this river, 
and to obtain the lands occupied by its greatest sinuosities, occa- 
sioned the adoption of a diametrically opposite plan. Several large 
masses, which traversed the bed of the Arno, and served as natural 
dams, were removed. They then narrowetl and straightened the 
bed of the river, above Florence ; and converted it into a canal, from 
Florence to Signa. Its course w'as shortened near three miles above 
the City, and one mile below it. I will not mention the expense of 
all tliese works, but point out the consequences. Al)ove Florence, 
the Arno has quitted, in some [ilatos, the rectilinear bed newly 
made to contain it ; and is retained in it, in other places, only 
by very large stone dikes that are exceedingly expensive. Within 
the sj)ace where it divides the City, although the bed is contained 
between two fixed boundaries, that is, lietween the two Dams, its 
bottom is, notwithstanding, considerably raised since the time of 
Viviani. The fishermen, also, unanimously declare, that, within the 
last years, the fishery formerly Ccarried on in t he small bays and deepest 
concavities of the river has been nearly lost. Besides, prior to these 
changes, the stones in the Arno, constantly lessening in size below 
Florence, used to cease at the Abbey of Settimo, so that from this 
Abbey, in going dowm the stream, as Viviani has particularly remarked 
in the beginning of his Discourse, not a stone was to be found on the 
shoals along the shore. At j)resent, from Florence to the Bridge at 
Signa, which is three miles below the Abbey of Settimo, the Arno 
continues to carry gravels and stones. Beyond the Ombronc and 
the Bisenzio a sand-bank, nine hundred feet in length, is observed, in 
which stones as large as the cones of the fir tree are found. Below 
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the Bridge of Sigiia, on the left liand, there is another shoal of large 
gravel thrown up ; anti in going towards the mouth of the Omhrone, 
several smaller sized grave ls are found, as far as Golfolina. It is, 
however, a fact, that neither the Ombrone, nor the Bisenzio, carries 
gravels into the Arno. The shortening, then, of the course of this 
river, for four miles, has caused a continued prolongation of stones 
and gravel for the distance of three miles. 

The extension of the gravel beds must necessarily elevate the 
bottom of a river. In fact, several of the arches of the Bridge at 
Signa are almost buried in the deposited gravel ; some others have 
scarcely their imposts above the level of the Ijottom ; and the highest 
raised arches are enlirely under water in the time of floods. A small 
iron ring, which is fastened with lead into the right hand pier of the 
centre arch, may serve as a measure to determine the whole rise. Se- 
veral creditable jiersons have assured me, that, fifty years ago, this little 
instrument stood so liigh, that the boatmen were obliged to go on 
the poops of their vessels to reach it : at present, the circle of the ring 
touches the bottom of the river, of winch the surface is level enough 
underneath the bridge. The bed must, therefore, have raised itself 
five or six Florence cubits, at this spot, since the straightenings were 
made in the banks of the Arno. 

On the other side, it is fair to state, that a considerable portion of 
this rise ought to be attrilnited to the obstructions occasioned by the 
irregular figure of the bridge, the arches of which arc too narrow, and 
even not ])]aced in one straight line, but rather in two lines inclined so 
as to foi in a ptnxx’ptible angle. The elevation of the bottom below the 
bridge is considerably less, and, but for the obstnu'lion of tin; arches, 
there would not have been so considerable an accumulation of gravels 
at this j)lace ; but, instead of this, they would hiive been impelled 
beyond the limits to winch they are at present confinetl, and would 
have additionally raised the bottom in parts farther down. 

Generally speaking, gravels will lie pushetl farther forwards in 
straight rivers than in those that wind; and these gravels, being 
deposited on the bottom at the greatest distances, will gradually 



Chai". IV. 


THE UPPER BEDS OF RIVERS. 


33 


raise, first, the lower parts, and, at length, tliose higher np. This 
heightening will be still greater, if beds that have been made straight, 
and are by any means enclosed, shoidd happen to cross any tributary 
streams, where they carry gravel or other ponderous substances ; be- 
cause, in this way, both the waters and the deposites of several separate 
streams will be united in one bed ; and so the condition of the rivers 
will become worse and worse. The inevitable consequences of the 
rise in the bottom will be a greater height of the waters in Hoods, a 
difficulty in procuring a vent for the inundations of the lower countries 
adjoining, and the necessity of repeatedly raising and strengthening 
the embankments. Thus, the rules for uniting rivers, and for main- 
taining them within straight embankments, with convenient slopes, 
although generally ap[)licablc to all such streams as carry sands 
through plains of little declivity, cannot be applied to rivers carrying 
gravels ; and the best that can be done, in such cases, is to leave them 
as they are, separate and winding. I t would even be better to inter- 
rupt their course by throwing dikes or wears across them, as 
Viviani has advised ; thereby to retain the gravels as much as 
possible in their upper beds. 

Although Guglielmini had formed other ideas on the nature of 
river substances, he nevertheless constantly concurred in the above 
opinion respecting the rectification and union of rivers and torrents, 
in those parts where they still carry gravels : regarding it as a very 
difficult undertaking, and one of which the ultimate .success was 
exceedingly uncertain. In the Fifth Proposition of the Ninth Chapter, 
he has left us two general practical rules : the first, never to intro- 
duce the stream of any river, carrying gravels, into the bed of a great 
river with a sandy or muddy bottom : the second, never to shorten the 
course of streams which can y stones nearly to their own mouths. The 
application of these rules will appear in the following Chapter. 
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CHAP. V. 

ON THE FORMATION OF THE UPPER BEDS OF RIVERS. 

W^HEN it is required to straighten the course of a river, to change its 
openings, or in any mode whatever to unite torrents and rivers, the 
new bed should in all cases pass below the very utmost limits of the 
gravels. It is necessary to study Nature, and to seek by art to 
imitate her. Nature sometimes unites torrents in the midst of the 
rocks and precipices of the mountains ; but in the centre of great 
valleys and fertile plains slu^ never unites torrents, while they 
carry gravels, with other riviTs that carry only sanils and mud. 
We need not seek at a distance for the proof of this projiosi- 
tion ; an example is exhibited in our great Valley of Lombardy, 
through the middle of which flows the Po, which, after it has 
ceased to carry the gravels of its own bed, receives none of any 
sort from its tributary streams, as Gugliehnini has observed in the 
passage which we last quoted. This accurate observer of rivers 
adds, that the Po, after wandering in the neighbourhood of the 
Apennines, denominated Euganean by ancient historians, and after 
having been tossed hither and thither by the gravelly deposites of its 
own tributary streams, begins to flow in a settled lied only from the 
period that, having ceased to carry on its gravels, it receives from 
its tributaries none biit sandy substances. Thus Nature operates. 
We might cite many otlicr examples of rivers that have formed fixed 
beds for themselves much nearer to the mountains. The Reno, 
amidst the Apennines, receives large stones from the Limentora, 
from the Orsigna, and other torrents; but after it has expanded 
itself in the plains, and has left its gravels, it receives the Samoggia, 
which also in like maimer receives the Lavino, in situations where 
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none but sandy substances are to be discovered. The Arno, below 
Empoli, and the Tiber below the place called della Capannaccia, 
have no gravels in their beds, and receive none from any of their 
tributaries. It is very evident, that, if any river, after having relin- 
quished its gravels, received others from some influent stream, it 
would not, according to what has been laid down, immediately have 
a fixed bed ; nor would it finally establish one, until it had reached 
those ]>ai‘ts where it no longer rec:eived gravel of any sort. 

Let us pause a little to cx>nsider the particular case of the Reno. 
Guglielmini has left it in liis Writings, j)age353, that in his time the 
gravels of the Reno extended five miles below the Sluice of Gasalec- 
chio, that is, as far as the Church called del Trel)b<), and that, in more 
ancient times, the gravels rt;ached much further down. It is unneces- 
sary to search for the cause of this prolongation of tlie gravels at difler- 
ent periods of time : ])erhaps, in the days of ( fiigiielmini, the bottom 
of the lower \ alleys having been heiglitened and rendeiv'd incapable of 
receiving the Reno, tlu' course of the river had become less free, and 
conscfpiently it had not sufficient strength to throw its gravels f urther 
on. Since that t ime, the Reno has been st raightened by means of a cut 
made for about two miles, a little below the last limit of its gravels ; and 
it has opened itself new breaches in its banks, constantly nearer and 
nearer to Bologna. In this mannx'r they havt‘ restored the ancient ten- 
dency of this stream to carry its gravels to greater distances. Re this 
as it may, it is a fact, that, for near a mile below the Church of IVebbo, 
the bed of the Reno is at ]>resent covered with gravels, stones, and 
large flints; that, in going lower tiown, other beds of gravel, covered 
over w ith sand and earth, are found at interv^als till below a place called 
Malacappa; and, that the peasants go with carts below Longara, to 
take u[) gravel for the repair of the roads — a certain sign, thattluvse 
gravels are large enough, and in sufficient quantity'^, to justify the 
assertion that the Reno flows there over gravel. That no doulit of 
the fact might remain, 1 verified it myself, in company with several 
other persons, and heard the evidence of tht^ most cxpericiK cd of tlu^ 
peasantry. In the Samoggia, and in tlie Lavino, the gravels extend 
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36 ON THE FORMATION OF Book I. 

but a short distance from their junction ; and they arrive there in 
such large quantities, that the beds of both these rivers are consi- 
derably heightened. In the Idice, gravels and stones are found 
below the place called della Mezzolara ; and the peasants assured me, 
that, when they took it to repair the highways, out of one load of 
sand and gravel they generally found a third or at least a fourth part 
puie gravel. 1 learnt, for certain, from the farmers, that in the 
torrent Centonara the gravels reached as far as La Madonna, called 
della Rondanina, and that in the Quaderna they reached to within 
two miles of the mouth of the Gaiana. 

1 have dwelt on these facts to su[)|K)rt and give weight to a decisive 
objection made against an ancient scheme, reproposed with some 
alterations in 17 h’ 0 , x\z. to cut the Lavino and the Samoggia 
abov(i their conlluence, and to cause them to miter into the Reno at 
Longara, turning at this place all the waters of the Reno by means 
of a new bed, which should run straight to meet the Prirnaro at 
Saint-Albert, and collect, in its way, all the other torrents and 
drainings of the Bolognese. 1 asserted, that this new bed would 
cut all the torrents of the Bolognese, in places where they carry 
large and small gravels ; and, taking it for granted that it had 
the necessary fall, that the gravels of tlie Samoggia woidd reach 
to the Lavino, and those of the Lavino woukl enter the Reno ; that 
the gravels of the lower torrents, assisted by the strength of the 
united waters, would be forced further on ; that tliere was no reason 
1,0 expect, that t he greater fall of the new bed could occasion any 
sensible diminution in the quantity or the size of these gravels ; and, 
that their continual deposition would be followed by a raising of the 
bottom, greater danger of ruptures in the banks, and greater difficulty 
in draining the lands. These were the principal reasons which led to 
the abandonment of the plan for this new bed; and it has since been 
proposed to keep lower down, and to form a new channel for the 
waters of the Bolognese, beginning the deflection of the Samoggia 
below its confluence with the Lavino, and that of the Reno below 
Mfilacappa. 
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It would be useless to repeat all the particular objections started 
against the line of Longara, which principally affected the dimen- 
sions necessary to be given to the new bed, to the free-borders*, and 
to the embank 111 cuts, the outlets that would be required to drain the 
redundant waters on the low lands, the sluices, the subterranean 
tunnels, the excavations and the method of conducting the works 
in making them. However, it will not be improper to restate here 
the other general difficulties, which concern the first theories of 
rivers, and which may serve as examples in similar cases. 

Gugliehnini,in Chapterxiv.of hisWork,has laid it down as a general 
rule, that the success of cuts maefe for rivers flowing over gravels is 
very uncertain ; and has assigned for it those reasons which we before 
explained, and which experience has always justified, according to 
what has happened in the cut made in the Doria above Turin. 
Guglielmini afterwards treats of new beds, to be given to rivers. 
Btiginning with the case of a river which it is required to conduct to 
its termination, Avithout any mixture of fresh streams, he says, the 
undertaking will not be difficult, provided the tall of the new^ channel 
be not less tlian that of the old one. This is precisely the case suc- 
cessfully executed in the Ronco near Ravenna, below' the confluence 
of the Montone. Guglielmini speaks afterwards of new' beds, des- 
tined to receive several rivers : and he states, that if the streams, 
which it is rc^Juired to unite, all carry substances homogeneous, such 
as sands; if there be sufficient fall and strengtli to carry these on to 
their utmost limits ; and, further, if the new cut can be enclosed in 
the plane of the country, the success of the undertaking will be sure. 
This will be the case with the Benedictine Canal, whenever it 
shall be completed. Guglielmini concludes by saying, that the 
case that would be the most replete Avitli obstacles is that in which 


^ Ttie free-hordersy or frce~.sides, are open spaces, sloping, or horizontal, inlcrposetl between 
the ordinary limit of the water.s and the embankments, or dikes, which are to confine them in 
floods. In the Italian jiractice, they are found on one side only, or on boili, and are ot greater 
or less extent, as the localities, risings of the floods, and other circuinstancc.s, appear to require, '1 . 
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some of the tributary streams float down more ponderous sub- 
stances than are carried by the principal river at the point of 
their junction. He asserts, that such a work cannot be attempted 
with any certainty of success, unless where tlie fall is uncom- 
monly great, and the level surface ol the country is exceedingly 
high. This is j)recisely the case in the proposed line of Longara : 
Avhich, contrary to the exception above staled, would, for a con- 
siderable space, have risen higher tlian the level of the country ; of 
which the* slo])e or fall could not |)ossibly have been excessively 
grejit ; and in which the Idice and the Lavino, for example, would 
have conveyed, to the })oint of their jemetion,- much more weighty 
substances than those of the SanK)ggia, and of the Savena. 

By making another exeej)tion to the tlieory of (iuglielmini, we 
shall render more general live practical niles which he has taught us. 
The heiglit of the fall can never obviate tlie mischievous conse- 
quences resulting from the union and straightening of rivers whilst still 
flowing over their gravels ; for, by increasing the fall, tlie body, and the 
impetuosity of the waters, you can only force the gravels farther 
forward ; they Avill still ri'inaiu in the river, continually heightening 
and filling it up. In jiroof of this assertion, let us return again to the 
,4riK>, wliose fall is certainly considerable from Florence to the Bridge 
at Signa, since it is at the rate of upwards of three braces per 
mile. Viviani considered it too great in his days : since which, by 
shortening the channel one mile, the fall of the' river has been 
augmented; from whence no other effect has residted but a 
prolongation of the gravels for some miles lower, and a greater 
elevation of the bottom. It is then true, generally speaking, that the 
caiKils, the unions, and the straightenings of such rivers as carry 
weighty substances, are undertakings replete with risk and difficulty. 
Guglielmini acknowdedges, in Chajiter xiv ., already quoted, that we 
have no certain rules lor these sorts of works ; and that the method 
of commencing the new canal lower dow n than the junction of the 
last tributaries, procet^ding gradually, and carefully observing every 
circumstance that haj)pencd, could throw, at the most, but an 
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obscure light on so tliflicult a subject. But he speaks in much 
stronger terms, in the Writings inserted in the Second Volume of the 
Florentine Collection, whilst examining a scheme for the formation of 
a new bed, for the Reno, in length about forty miles. He there says 
generally, that, even if the country w ere sufficiently raised to admit 
of the waters being constantly and in all parts enclosed in excava- 
tions, it would, still, be w orking in the dark to persist in such an enter- 
prise, for several reasons ; and jirincipally, becaxise there is no ex- 
ample existing by which one might be guided in planning and execut- 
ing the works*. Eustace Manfredi has repeated the same objection in 
his Abridgement ; and, in tact, the derivation from the Mincio of the 
Philistine Canal into the Po, made by Quintus Ciirius Hostilius, the 
outlet opened by Claudius from the Lake Cclano into the Garigliano, 
the reuniting of the waters of the Po into one bed near Placentia, 
effected by Scaurus, the derivation of tlie Sile .and of the other 
affluents into the L.aguna of Venice, and other undertakings of a 
similar nature, altliough very great and very expensive, cannot be 
compared with the project for the derivation ol the Reno and the 
other Bolognese torrents. 

Eustace Manfredi, in the Abridgement already cited, adds another 
oljectlon, w hich is, that the river, taken in flank by so many mouths 
of its tributary streams, would turn upon the opposite shores, 
enter the walling of the tlikes, ami infallibly lengthen its line; that 
there is no river whose; bcti is straight for so many miles, nor even 
whose bed, for so long a space, is cromposed of two or three straight 
trunks ; and that this lengthening would j)robably be one-half, or 
at least one-third, of the whole length of tlu; bed. Indeed, all 
geography does not furnish us with one example of a river of this 
nature, which, during a course of so many miles, flows always straight, 
and without making considerable w'indings. The course of streams 
bringing down light substances, such as sands and earth, may be 


* A futile reason, calculatecl to luevent all im]>roveinent. T. 
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shortened, cut, and made to flow in a straight line. We have in the 
Reno itself, and in several other Italian rivers, examples of similar 
rectifications, which have been jierfectly successful, and that for the 
reasons already alleged ; namely, because the bottom and the thread 
of the stream experience very little change. But rivers tliat carry 
gravels, as we have asserted in the commencement of the preceding 
Chapter, very often amass them irregularly in various parts of their 
l)eds, anti form heaps that force the current to bend from the one 
side to the other, where, if it meet with substances opposing less 
resistance, it forms new erosions ; so that, by the constant action 
and reaction of the waters, the whole bed of the river is formed into 
continuation of concave and convex curves. Thus, it is impossible 
by human art so to incase between embankments a river carry- 
ing heavy substances itself, and receiving them from stn'eral tri- 
butary streams at diflererit levels, and by floods which come down 
at different times, that the river shall not serpentize, and mate- 
rially elongate its course. By means of this elongation, it will 
hap[>en, even when the fall anti tlie slope of the new bed are at 
first sufficient for tht* stream to convey, to the sea, all the turbids 
incorporated with it, that in length of time they will be insufficient 
to prevent dejtosites, and accumulations in the bed. 

But, as to what concerns the sufficiency of the fall, several other 
important considerations arise. In the first exposition of the project 
in (|uestion, as it was shown from t he ancient levels, that the bottom 
of the Reno, at Longara, was raiseil seventy-two feet* above the bed 
of tlu' Primaro, towards the entrance of the Santerno, this f all w as 
c;ousidered as more than sufficient, if it were gradually distril)uted ; 
first, at the rate of three feet per mile, afterwards of two and a half, 
and so on, constantly diminishing. But, to convey water from one 
place to another, it is necessary to consider not merely the difference 
of fall between the two extreme points ; for, though the whole fall 
may be sufficient, it is still necessaiy to examine, fuither, in what 


* The Bologihi foot ia very nearly 14 1 English inches, T. 
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proportion the slope of the country tliininishes in all the intennetliate 
space ; and here may arise two different and o[)posite cases, as the 
slope of the lower lands may be cither greater, or less, than may fje 
recpiired. In the former case, very great excavations would become 
necessary, that the tributary streams might be made to fall from very 
high dikes placed at their mouths. In the .latter, the river must be 
sustained, as if it were in the air: llui drainings of the country could 
not be made to enter it ; and, in the event of a rupture, it would be 
imj)ossible to repair the banks. Ac'cording to the old ami the new 
levels, the proji'cted line for tliverting the Reno at Longava would 
in several plact's encounter both of these tliflieulties. In some 
places, the whole of the lunv lied must be buried, so to speak, 
in the earth, and Iht' Savena and the Jdice must enter it over very 
high wears. In other parts, the new bed would be raised above 
the level of the country; and, though it is true, that there would 
be some diainings, which might be marie to enter it by turning 
them and giving them a lent lower rlown, yet there are others 
for which there wS'iild lie no other e.\[)edient but the making 
of as many subti'rraneous tunnels, which, from their multiplicity 
and dimensions, must always be highly expensive, and ol which 
the successlid execution Mould lie ever very uncertain. Hut ol 
this enough. 
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TREATISE 

ON 

RIVERS AND TORRENTS. 

BOOK II. 

ON THE VELOCITIES, AND SLOPES, OF RIVERS. 

CHAP. I. 

OF THE VEI.OCITV WITH WHICH VVATEU FLOWS OUT OF VESSELS. 

It is a principle well known, ami us ancient as Hydraulics, that 
the velocity, with which water Hows out of openings matle in any 
sort of vessels Avh.'itever, is generally greater in proportion to the 
height of the fluid contained in tlie vessels. Julius Fronlinns has 
clearly stated this law, in his Treatise on the Aipiedncts of Rome. 
The dirticnlty was, to tind in what ratio to the heights the velocities 
should always vary . 

Benedict Castelli, in his Second Book on the Measurement of 
Running Waters, having begun with impiiring in what projiortion 
the velocity arising from the pressure of the upper [>ai1s increases, 
suspected, that this very proportion was directly as the nnmher of the 
pressing [larticles ; or, in other words, simply as the height. But Castelli 
not being able to solve all his own doubts on the snbjca't, either by 

the conjectures which he hail liimself formed, or by those commu- 
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Tiicatecl to him in some letters by Cavalieri, left it to others to 
pursue these researches more successfully than he himself had done. 
Torricelli, at the end of his Second Book on the Motion of Heavy 
BodiCvS, has established, rather by means of some physical exj)eri- 
nients, than by his mechanical conjectures, that the velocities 
arising from the pressure are as the square roots of the heights ; 
and he has assigned to Maggiotti the merit of having been the first 
to attemj)t decisive experiments on this subject. 

Torricelli commences his demonstration with a fixetl principle in 
Hydrostatics, that, if you apply to ojjenings made in the sides of 
any vessel as many tubes, the water will rise in them to the same 
horizontal lc\el with tlie superficies of that contained in the vessel. 
He then lays down two suppositions : ilu‘ first, that the velocity, 
with whicli the water begins to enter tin* tubes, is all that is requi- 
site to enable it to ascend tlirough a height e(|ual to that of the 
fluid in the vessel above the a|)(;rtur<‘: the second, that the water 
flows with the same velocity through the openings in the vessel, 
whether tlu* tubt;s are a])[)li<Hl, or removc'd. He has easily inferred 
from these principles, that the water flows through the aj)ertures 
with tin; velocity which it would acipiire in falling through the whole 
heighi; of the surface abovi; t hem, which is consecpamtl}' as the stpiare 
root of the height itself But it is easy to j)ercelve, that thesi* two 
postulates are equivalent to the theon in to be demonstrated : thus 
llic ileinonstration is merely a simple begging of the (juestion. The 
other |)rinciple, establislu'd in Huygens’s Mechanics, and by Daniel 
Ih'ruoulli, of the e<piality betwt'en the potential descent and asc(“nt 
of bodies, falls ink) tla- same suj)j)ositions as those laid down by 
Tojricelli, as far as it is a[)plicable to running waters. Varignon, 
in the Memoirs of the Acadtany of Sciences at Paris, Ann, 1/03, 
and Herinaun, in the Ninth Chapter of the Second Br)ok of his 
Phoronomy, have spoken on this subject in a very indefinite 
manner: asserting, that the pressure in the vessels is in pro[)ortion 
to the height ; that the (piantity of motion in the water, whicli 
flow s out of the holes, is in proportion to the jiressure ; that the 
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numl>er of particles, which issue in a given time, is in proportion 
to their vek»citv ; and that, consequently, the heiglit is perhaps as 
the sc|uare of the velt)city. At the utmost, it is possible to apply 
these principles to the particles that first flow, but not to the others 
that follow afttT the whoU? Iluid is in motion. 

Newton, in the xxxvi. Proposition of the Second Book of his 
Principia, desirous of determining the motion of water flowing out of 
a hole made in the bottom of a vessel, has begun l)y a dillerent hyj)o- 
thesis, which is, that each particle of the water has really descended 
through the whole height of the fluid above it. This he supposes 
to happen in such a manner, that the water round the hole lo- 
mains motionless, precisely as if it were Ifozen, and that the water 
above the hole descends by degrees in the shape of a funnel, closing 
gradually from the supcaior section of the vessel until it reaches 
the section of the hole itsc'lf, thus describing ji sojt of cataract; 
adding, moreoN cr, to these suppositions a,nothc‘r, that all the layers 
or sheets of water, passing from the surface to the: bottom, and 
growing thickc'r as then’ diminish in Iheir diamcTcj-, remain parallel 
between Ihemselves. Newton determined, with his usual sublimity 
and elegance, the ligure of the: cataract, and the other laws of the 
motion; and, above all, that the velocity of each particle of water in 
the hole is in proportion to tlu‘ sc|uare of the height. He aflc:rwar(ls 
observes, that, on acxount of the ()l)li(|uity of the directions and 
the motions with which the particles reach tlie section of the hole, 
both in the c:entrc, and in the sides, it so haj>pens that ihcw approach 
still nc'arer to c'ach othc'r in the opt:uing, and that they arc reduccMl, 
a little below the hole, to a nairowc r section, which he terms the 
contracted vein. 

To ascertain the contraction of the vein, which arises from the 
simple* convergence of the motions, without including the Ic'ssening of 
the diamelc;r, which, in all vertical falls, arises from the acceleration 
of the fall, this great man contrived to make the hole on one side 
of the vessel, so that the watc:r began to How horizontally. The 
hole was circular ; and five eighths of an inch in diameter : it was 
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cut also in a very thin even plate. In letting out the water, Newton 
discovered, that the diameter of the vein, at the distance of about 
half an inch from the hole, was, to the tliameter of the hole itself, 
nearly as 21 to 25 . Now, as the velocity of the water, which passes 
through the did’erent sections, is reciprocally as the area of the 
sections, or reciprocally as the squares (d' their diameters ; the ratio 
of the velocity in the two sections of the hole and of the contracted 
A ein ought to be that of the square of 21 to the square of 25, or 
simply as 441 is to 625, or as 1 to If , which is nearly in the propor- 
tion of 1 to 2. Thus, by considering the contracted vein as the 
last section of water that flows out of the vessel, anti by jn’oving, 
that the absolute velocity is that which it would acquire in falling 
through the Avhole height, tin; velocity of the water in the hole 
will be in reality proportional to the square rt>ot of the height ; 
l)ut in its quantity it will only be that whicli it would acquire in 
falling through the hulf of that height. 

These investigations are too ingenious, and too celebrated, to 
permit the memory of them to be lost ; and they have since 
engaged the attention of the most illustrious matlu inaticians, John 
arul Daniel Bernoulli, MacLaurin, Father Graudi, the Marquis 
Poleni, and several others. Daniel Bernoulli, having thrown 
coloured jjowders into the w'ater, observed that as these jiowders 
descended w ith the Avater they formed a t;ataract very difl'erent from 
ihatAvhich had been determined by Newton, Avhich ought to be an 
hy{)erbole of the fo\irth degree. He discovered, it is true, the same 
proportion between the diameters of the contracted vein and of the 
hole ; Imt all the other circumstances of the motion iq)peared to him 
to be dilferejit, as may be seen in Paragr. in. of the Fourth Part 
of his Treatise on Hydrodynamics. 

The Mar(|uisPoleui has found by some other experiments, that the 
diameter of the contracted vein is to the diameter of the hole as 20 -V 
is to 26. SeA'eral other authors, and principally .John Bernoulli in 
his Hydraulics, liaAC started diflerent objections to the Avhole theory 
of N(!Avton. The principal difficulty is, that this theory rests upon 
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suppositions which, perhaps, do not exist in nature, and of which, 
even when tliey might prove true in particular cases, it would not 
be less difficult to demonstrate the reality, than to solve all the 
other problems that might be proposed on the motions of fluids. 

The investigations of Newton have l)een more extensively pursued 
by Macliaurin in the Twelfth Chapter of his great work on Fluxions ; 
but he has always involved his hydraulic theories in some arbitrary 
suppositions : as, lor example, the distribution and division of 
the total weight of the fluid into three parts ; of which one is des- 
tined to accelerate the motion of the fluid within the vessel; another, 
to accelerate it in the orifi(‘e ; and, lastly, the third, to press the 
bottom of the vessel. John Bernoulli, desiring to substitute a new 
theory of Hydraulics for that of Newton, has exchanged his sup- 
positions for some others : as, for instance, that the whole weight 
of the fluid is employed in the acceleration of all its particles ; 
and that the velocity of the particles, even in passing from the 
greatest to the smallest sections, arises solely from their weight. 
M. d’Alembert, in a new, sublime, and general theory which he has 
published on the resistance of fluids, has ably solved the doubts 
and difficulties tliat may arise from the theories of Newton, Mac 
Laurin, and Bernoulli ; and he observes, in general, that all that 
can be said on this subject is limited to two hypotheses ; the first, 
that the different straturas of the fluid always preservi; tlanr 
parallelism, even whilst in motion ; the second, that the velocity is 
equal, and parallel to the axis of the vessel, in all the j[)articles 
which compose the same stratum. On this subject, reference may 
be made to the Treatise on Hydrostatics by the celebrated Father 
Lecchi, in which he has ably removetl tlie uncertainty of the 
matliematical demonstrations hitherto given on the law's of motion 
in waters which issue from vessels, or which flow in the beds of 
rivers. 

One single reflection is sufficient to show, that all Hyelraidic pro- 
blems are beyond the reach of Geometry, and of Calculus. The dif- 
ficulty of all problems is increased in proportion to the number of 
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the conditions, of the cases, and of the differences which are stated. 
Thus, niecliaiiical probleins become so mncli the more complicated 
as the number of the bodies, whose motions are sought, and which 
act in any way on each other, is augmented. But the first and most 
csschtial property of fluids is, that in them the pressure is extended 
on all sides, that their particles yield immediately to any force 
impressed, and that in yielding they mix readily together. Then, 
in a fluid mass, which moves in a tube, or in a canal, the number of 
bodies acting together is infinite; whence it follows, that to deter- 
mine the molion of each body is a problem depending upon an 
infinity of ecpiatious, and whi(;h it is of course beyond all the powers 
of Algel)ra to reacli. For this reason, 1 consider Hydraidics and 
Hydrometry rather as a part of Physics than of Mathematics, or 
as a branch of mathematical learning in which the progress hitherto 
made, and that which shall lie made hereafter, is purely hypothetical, 
and limited to certain cases, which possibly never exist in nature. 

As it is my intention to unite in the present Treatise all that can 
be useful in the direction of Rivers, 1 expiessly renounce all 
hypothetical calculations and demonstrations, in which several 
authors, and especially Zendrini, have involved this subject; and, 
instead of this method, I have collected all tht^ experiments, 
observations, and reflections, which can throw any light upon the 
most iinportant cases. 

We are assured, from physical tvxperinients, that the velocities 
of water running out of vessels through o|>enings are very nearly 
[iroportional to the sijuare roots of the heights. Gugliclmini was 
t h(; first to recommence, in detail, and Avith greater prt^cision, the 
experiments of Maggiotti and of Torricelli ; for, hav ing taken a vessel 
fiill of water, four feet in height, in the side of which he had 
bored sixteen circular lu'les, one inch in diameter, each of which 
could be ojiened whilst the others remained closed, and having 
opened them, by degrees, one after another, he observed, that the 
(piantity of w-ater which flowed out in an eijual .sjiace of time, and 
cmvseipiently the velocity with which it flowed out of the apertures. 
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in six experiments, was A’^ery nearly in proportion to the square roots 
of the heights. In eight othejr experiments, it deviated from this 
laAv only by about a hundredth part: another time, the dilference 
was - 5 -V ; and again, -jL part. 

Mariotte, Poleni, and several other authors, have disct)vered, that 
this law approaclied the nearer to the truth, the more carelully and 
exactly the experiments and observations were rej[)eated. In the 
whole course of the experiments on this suljject, those imide by 
M. Michelotti a tew years since in the neighbourhood <d’ Turin, and 
which are described at full lengtli in his Tn'alise on the Measure- 
ment of Running Waters, deserve partitmlarly to be recorded and 
preserved for their multiplicity and precision. They coinj)let.ely 
prove, that the velocities of the water are actually as the squares of 
the heights of the columns of pressure, atid that all t he dilferences, 
usually discovertid in cx[)eriments, are to be ascribed to the r<.*sist- 
auee of the lij)s of tlve openings, and to other fortuitous causes. 

■ This j>rinciple once establislu'd, if tin* heigljt of the water, and 
the figure of the openings, arc given, i( bcaromes a, matter of pure 
calculation to discovin* the (piantities of water that w ill flow' out in 
a given time, (juglielmini and Clrandi have left us several tlu'orems 
on this subject, and 1 have added another at the end of the bccond 
Chapter of the First Rook on the I.ia.ws t)f Gravity. If tlu* (igure 
of the aj)erture is first of all a s([uare, which on one side touches 
the surface of tlu* water at rest in the A cssel ; next, a circle 
inscrihed in thatscpiare; then, a triangle also inscribed, first Avith the 
A crtex up, afteiAA'ards with the verti^x dow n ; and, lastly, a triangle 
having the same height and \ ertcx as the other, but only half its base ; 
the (|uantities of water that will fiow' out in ecpial times, in these fn e 
diflercnt castes, will be successively as 5, 4, 3, 2, 1. In tlur case of 
a square ojiening, such as is commonly made to let out water, all 
the difficulty of the distribution is reducetl to scpiaring the seg/nent 
of a jiarabola, of Avhich the axis i.s vert ical, the verU'x in ( he surtace 
of the water at rest, and tin; height of tlie sc'gment eipial to the 
height of the 0 |)ening. The Parabolic Table ol Father Grandi saves 

H 
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the labour of a simply arithmetical calculation. The experiment 
reported by Mariolte, in his First Discourse on the Motion of Waters, 
proves, that through a circulai' hole of an inch in diameter, mersed 
constantly one line below the surface of the water, there flow out, 
in one minute, 13|^ pints, Paris measure, making 25 tV 5- TVench 
pounds*. This experiment is sufficient for calculating the absolute 
quantity of water that can dssue, in a given time, through a given 
opening. It remains now to show how the principle applies to 
the most interesting of all cases — ^the total quantity of water dis- 
charged by rivers. 


* The Paris pint is usually estimated to contain 2 pounds, or nearly 2 pounds, of water. The 
Author considers the wei|i;ht of the pint of water to be to the pound as 1*932 is to I ; and, con- 
sequently, 13^ pints to be equal to 25*81 pounds, or 25 pounds and very nearly 13^ ounces. — As 
to the quantity of efflux itself, Bossut, having condiictetl the experiment with very great accuracy, 
states, Hydrodynain. § 353, that, in the circuinstiinces above described, it is 13^^ pints. T. 
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The velocity of a river, which flows single, without receiving any 
other streams, and which is swelled solely by the waters of its springs, 
or by rains, depends either on its fall, or on the pressure of its upper 
parts. All the particles of a fluid, in descending an inclined plane, 
are accelerated by the very same laws by ivhich all other ponderous 
bodies are accelerated. The acceleration that arises from pressure 
belongs properly and peculiarly to fluids, which, as being composed 
of detached particles, yield to all forces impressed on them, and are 
thereby j>ut in motion. The slope of the bottom contributes jirinci- 
pally to the acceleration of the streams in the primary beds, in the 
bosom of the mountains, wliere the height of tht^ body ot water 
is very small, and where the fall is very rapid. The pressure of the 
higher [larts contributes principally to quicken the current in the 
midst of great [flains, where the inclination of the bottom is very 
small, anti where the body td water is much increasetl. The 
rajiidity arising from pressure, in streams that are enlarged in the 
plains, is sometimes greater than that which is caused by the slope 
in mountainous places. iJendrini has observed, in his Tenth 
Chajiter, tliat the Po, in its lower [larts, acquires, irom the increase 
t)f its body of water, a much greater velocity than it hatl when it 
quitted its gravels in its higher districts, and that this swiftness 
Avas so great, that it woidd liai’^c sufliced to carry on tlu; gravels, 
if they could have passed through the intermediate sjiacc, and 
could have reached the place where the augmented body of 
water begins to counterbalance the constantly increasing loss of 
force occasioned by the diminution of the fall. 

II 2 
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In the intermediate beds of rivers, both these reasons may contri- 
butij to the acceleration of the streams, namely, the height of the 
body of water, and the fall ; but then tlie fall cannot but be different 
in various parts of the same section ; anti as tlie parts next to the 
bottom will be accelerated by the slope of the bottom, so the parts 
nearest the surface will be accelerated by the slope of the surface. 
Above all the dams, retentions, and traverses of rivtas, where 
the bottom ascends, the slope of the surfaces as we have said 
towards the end of the Third Chapter, conlriliules greatly to the acco 
leration of the stream ; lieeause, the sections becoming lower on the 
summits of the dams, from the acceleration whit;h arises from the 
free fall, the surface beconu;s more inclined in the part above the 
dam; and luaice the wateis are accelerated, and even to a greater 
distance than they woidd otiierwise Ix', as they are unitetl by a 
sort of viscosity and adhesion with tlie lower waters. The same 
reason, as will be shown hereafter, jnincipally operates at the 
months of rivers, whi(;h t‘xtend themselv^es over the low(?r surilua; of 
the sea, by falling on it I'rom a considerable height above their own 
bottom ; hecanst', as the fail is augmented, the velocity of the waters 
on the surface ol tlu! river is increased, and, by the natural tenacity 
of the particles, the acceleration is extended to those other waters 
that are below. Tliis is the reason why it often lia])[)ens, that a river 
from lifteen to twenty feet or more in lieight is, at its entrance, 
only five or six I’eet in depth, without any remarkable expansion 
of its bed ; and that too, although it Hows on a bottom which is 
constantly ascending as it proceeds. 

(ialileo, in his Distourst; on the River Bisenzio, was the first 
who applied to running waters the theories of inclined planes, and 
of tlie fall of heavy liodies. On these principles, he lias gone 
so far as to assert, that tlie rapidity will be the same in two canals 
of difierent lengths ami windings, provided they are of the 
same height ; that is, if they remain confined between the same 
extreme limits. However, this theorem is only metaphysically true, 
wiien all resistance is abstracted : and facts constantly show, that in 
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simiotis channels, in ])ro[>ortion as the resistance.s augment, in the 
same dtgree tlie velocities are dimitiislied. Hence Viyiani, the 
disciple and successor of Galileo, in the siiperintendehce of the 
waters of Tuscany, was right in making those rectifications, in 
the river Bisenzio, of Avhich Galileo had disapproved. Father 
Castelli first introduced the element of the velocity arising from 
pressure into the calculation of tht; (|uantities of water that flow 
in the beds of rivers ; and we are obliged to him for several 
very simple, general, and important theorems : as, for example, 
that in a rivfT rcduccKl to a state of permanence, without any 
rise or fiill in its surface, tlie: quantity of water, which, in equal 
spaces of time, j)asses through and is tiischarged by all its sec- 
tions, will be equal ; and, at the same time, that, on the same 
suppositions, tin; medium velocities in the differejit sections will 
be in reciprocal proportion to the amplitude of the sections. But 
the theory of the ^'elocity arising from the pressure of the u])per 
waters was [)laced in its proper light solely by Guglielmini and 
by Grandi. Torricelli, in his Writings on vStanding Waters, was 
the first person who noticed the acceleration arising from the slo{)e 
of the surface. 

The velocity arising from the free fall would be subject to the 
same laws as that of all other heavy bodies in falling, that is, it 
>vould be as the squart; root of the whole height, if tlie irregu- 
larities of the bottom, tlie windings of the banks, and tlie several 
other obstructions which are met with in the course of the stream, 
did not considerably impair it. All rivers, even before they have been 
greatly increased by a union with their affluents, have a velocity 
much less than that which they ought to have, considering the 
height of their fall. Father Grandi, in the Thirtieth Proposition 
of the Second Part of his Treatise on the Motion of Waters, 
has pointed out the method of making deductions for what the 
abov'e mentioned obstructions may have taken from the primitive 
rapidity of ihe stream. He states, that it is necessary, in the first 
place, to ascerhiin by experiments the velocity of the surface of 



54 ON THE VELOCITIES or SINGLE lUVERS. Book IL 

the river. This maj be done, cither by measuring the space through 
which a floating body passes in a given time ; or by means of a 
wheel whose flapboards strike the surface of the stream! by counting 
the number of its revolutions in a given time ; or by niehsiiring, by 
means of a quadrant, how far a weight suspended from the centre of 
the quadrant is turned from the vertical line by the force of the 
surface of the current, because it is well known that the tangents of 
the deviations of pendulums ought to be proportional to the stroke 
and force of the stream, that is, to the velocity and the number 
of particles which strike it in a given time, or, what is the same 
thing, to the sijuare of the velocity. This done, it is next to be 
ascertained by known methods what height will correspond with this 
velocity, or, in other words, from w’hat height a body must fall to 
acquire a velocity equal to that with which the surface of tlie river 
is nun ing; and, lastly, this height is to be added to the whole height 
of the section, to obtain the effective height with which the actual 
velocity agrees : this is what Father Cfrandi calls the equivalent 
origin of the river. He thus asserts, that the velocity in the different 
parts of the water ought to be, not as the square root of the actual 
height of the section (otherwise the water at the surface could have 
no motion, as it has no otlier water above it), nor the sipiare root 
of the height taken from the real origin of the river, as if the waters 
met with no resistance in their course ; but, as tlie square root of 
th(i effeetive height, which should be measured by the equivalent 
origin. 

The velocity, which arises from pressure in the horizontal beds of 
rivers, w'ould also be in proportion to the squares of the real heights 
of the columns of jiressure, if the case of the particles of water which 
flow in the l)ed of a river were exactly the same with that of water 
flowing out of apertures in a vessel of equal height. Wolff, in the 
XXIX. Theorem of liis Hyilraulics, has thouglit, that, to prove the 
identity of the two cases, it was sufficient to say, that, in the one 
and the other, the water is put in motion by the pressure ; and 
that, accordingly, in the openings of vessels, and in the sections of 
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the horizontal beds of rivers, the particles, VKhich are equally distant 
from all surface, ought to have an equal velocity. Guglielinini, 
in the II. Proposition of his Third Book fOii the M^surement 
of Running Waters, has given another view of the case.' He sup- 
poses the whole horizontal canal to be cut by a veriical plane, 
which should obstruct the course of the stream, and in which should 
be opened successively several holes through which the water might 
begin to flow; and he has asserted, that the water will flow out of 
each hole with the same rapidity that it would possess in the free 
and horizontal bed ; whence Guglielinini has inferred, that, if the 
holes were multiplied to such a degree as to form altogether the 
entire opening of the section, the velocity of each particle of water 
w'ould be precisely the same as if it had flowed from a vessel of 
equal height. The conjectures, by which Torricelli endeavoured 
to prove that the velocity with which water flows out of apertures 
in vessels is as the square root of the heights, should be equally 
applicable to the case of horizontal beds ; becausii, liy [ilunging 
an open tube into a river, to any depth whatever, the water 
will rist; in it to the level of the surface of the river. Now, 
since it rises solely from the pressure of the waters that are 
higher than the opening into the tube ; and, moreover, since the 
pressure is always tlie same, whether the tube is immersed in the 
water, or is taken out of it; the velocity with which the water 
enters into the opening, and with which it flows in the horizontal 
bed, ought to be llie same as that with which it can rise through 
the whole height of the section, and, consequently, as the square 
root of that same height. 

Although these conjectures, and other similar reasonings, do 
not rise to the strict rigour of mathematical demonstration, they 
suffice nevertheless to show the very high probability, or the phy- 
sical certainty, of that which we have undertaken to prove. It 
would seem that the very analogy of Nature would lead us to Jidopt 
the law of the case of water flowing out of vessels, as that which 
regulates the case of water flowing freely in the beds of rivers. The 
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second case is even strengthened by experiments and observa- 
tions. Zendrini, Part il. Chapter V. of his Treatise on the Laws 
and Phenomena of Waters, having examined with the pendulum 
the velocities at diderent jilaces and in various sections of the Po, 
found, that they were nearly jiroporlional to the square roots 
of the heights, Avhcn the velocities were not very great. Nor did 
he ever discover any sensible diflcrence, except in the i-ase of very 
great velocities, when, the plummet being forced upwards, the string 
was so sensibly bent, that it was not possible to measure coiTectly tlie 
motion and the impetuosity of the stream by the deviation of the 
pendulum. The truth of this law has always been confirmed by all 
the experiments which have been made with the hydro metrical 
flask, invented and j)roposed by the Bolognese in 1721 ; in which the 
quantities of water, which entered in a given time l)y a small aper- 
ture left open at the top, and ^vllich were collected in the flask, 
sunk success i^■ely' to diflc'rent depths in stagnant as well as 
in running waters, were at all times nearly in proportion to the 
squart: roots of the heights. Father (Irandi, in relating these 
ex|>eriuuMits in the xlvi. Proposition of his First Book, appears not 
to lay much stress on them ; because, when the hok; was ladd le^'el 
with the water, not a single drop (mtered tlie flask: as if the surface 
of the w'ater had bt'cn so carried along by the under current, that 
the w ater below the surface, being oj)|)osed by the sides of the 
flask, caused that of the surface to turn to the right and left, 
without being able to enter at the opening. Tins phenomenon, 
however, ^vas precisely that which was to be expected, on account 
of the tenacity and adhesioji of the particles of watei", of whicli we 
have alre ady s|)oken, and of which we shall treat nK)re fully in the 
Fourtli Chapter of the Third Book. 

On a review of the w hole, it must appear to be sufficiently ascer- 
tained that the velocities of water, though they arise from difl’ei'ent 
causes, cithei* from the free fall, or from the pressure of the liigher 
wateis, have only one law, and are j)ro])oitioual to the square roots of 
the lieights, eitlier actual or effective: that is, they are in proportion 
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to the square roots of the actual and absolute heights of the sections, 
when the surface of the water has no perceptible motion ; and, when 
the motion of the surface is percej^tiblc, they are proportional to the 
square roots of the actual heiglits augmented by the height due to 
the velocity of the surface. This theorem supplies an easy method 
for calculating tlie quantity of water that flows in any river. The 
elements of the calculation are the following: 

A heavy body, in falling freely, [)asses, in one second of time, 
through 1 58 inches of the foot of Bologna ; and, with the velocity 
acquired at the end of its fall, it would, in an equal time, pass 
through 317y inches. This granted, if there be taken a parabola in 
which the abscissa is 158-fJ-, and the corresponding semiordinate 
317y, all the othf?r semiordinates will exj^ress velocities corre- 
sponding with the heights of their respective abscissas ; and by 
dividing the square of the semiordinate by its abscissa, the para- 
meter of the paral>ola will be obtained, which will be fl35f. 

The sj)uce run through, in one sec;ond, by a body floating on 
the surface of the river, divideil by the same |)arameter, will give 
the height due to the velocity oj the surface : which, added to the 
actual height of the river, will give the whole effective or equivalent 
height. 

The square root of the product of the equivalent height by the 
parameter will gi\'e the velocity at the bottom of the section. 

Two thirds of the j)roduct of the velocity at the bottom by the 
whole eqtuvalcnt height, 7niuus two thirds of the prochict of the 
velocity at the surface by the height added to the actual height, will 
give the mean velocity. 

Finally, the product of the mean velocity by the actual breadth 
and the actual height will give the quantity of water that passes, in 
one second, through the rectangular section. In trapezium sections 
it is necessary to calculate the quantity of water which jiasses 
through all the perpendiculars of the triangles formed about the 
greatest inscribed rectangle; but the method of calculation is 
always the same. 


1 
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I have applied the preceding rules to different cases, but prin- 
cipally to that of the waters of the (Bolognese. Thus, supposing the 
velocity of the surface in the torrent Lavino, before its opening 
into the Sainoggia, to be three miles per hour, or ecpial to 
180,000 inches*, and taking the reduced breadths, and the extreme 
heights in the greatest ffoods, at two different sections, which 
approached the nearest to a rectangle, and which, in the Records of 
the last Visit, are distinguished by the letters Q & P; I found 
the quantity of water, which passed, in one second, through the 
first section, to be 8,219,1 12 cubic inches; and that which j)assed, in 
the same space of time, through the second section, to be 11,844,043 
cubical inches. In the same manner, supposing, that in the 
Sainoggia alone, before the confluence of the Lavino, the 
velocity of its suptaficies was equal to tliree miles per hour, 
and taking the measurements given of the two sections marked 
by the letters O & N ; I found, that the quantity wliich passed, 
by tlie first, was 21,085,741 cubical inches, and, by the second, 
38,012,504. The results of the calculations being so different in the 
two different sections, it becomes necessary to oliserve, that the 
first section of tlie Ijavino, as well as the first of the Samoggia, 
was taken on a much more nqiid and sloping bottom than that on 
which the two lower sections were taken. Tlu* greater inclination 
of the bottom, l)y increasing tin* acceleration of the waters, necessarily 
rendered the actual heights less, and the velocities of the surface 
always greater, in the two first sections than in the two second. If 
we had more exact observations concrerning these very velocities, 
the calculations might be matle with greater aciairacy. To arrive 
as near the truth as can be ex[>ected in calculations of this 
sort, we will take the arithmetical mean, as is commonly done to 
combine the ditrerences of similar results, and give 10,031,577 
for the flow’ of the Lavino, and 29,549,122 for that of the Sa- 


^ The Bolognese mile, whieli is t:o the English as 23 to 20, contains 00,000 Bolognese 
inches. T. 
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moggia, making together 39,580,699 cubic inches : which comes 
very near to the calculations for the two other sections taken in 
the Sainoggia, below the opening of the Lavino ; since, in again 
supposing the velocity of the .surfatre of the stream to be three miles 
an hour, the flow of the first section would be 37,641,360, and 
that ot the second, 42,468,495, and the arithmetical mean, 40,054,92/ 
cubic inches. We ctin^ider ourselves, therefore, as pretty near the 
truth, when we suppose, ihat the quantity of water in the Sa- 
moggia, united with the Lavino, and that in the Sainoggia alone, 
are to each other as 4 i.s to 3. Although the elements of this 
-calculation may not lie perfectly correct, and though thta’e may 
be a cTinsiderable diflerence in the absolute cpiantity of water ; 
iK'vertheless, as the i;alculations have been made in the same 
manner in all the; sections of the two torrents when united as well as 
when separate, arul the arithmeticid mean lias been taken between 
the twa) different results, it is impossible tliat there should be any 
very great error in the determination of the |)r0j)ortion or ratio of 
the flow of the waters f and this is sufficicMit for wliat we shall have 
to say hereafter. ■ ' 

Tin; calculations for the Reno maybe made with less uncertainty, 
as the bottom of its bed is more regular. Former observations 
assign to the velocity of its surface about three; miles and a half 
per hour; and as they wa*re made; with very light floating bodies, 
they should be jneferred to other more recent experiments, because 
these were made by mc-ans of some fascines thrown into the river, 
which, lieing considc;rably under water, participatc;d not only in the 
velocify of the surface, lent also in that of the lower strata. On th<;se 
sujjpcjsiticjns, 1 calculated twcj sections of the Reno, which appeared 
to me sufliciciiitly rcigular to leave no room to apprehend, that, in 
calcidating their flow by their reduced breadths, and by the heights 
of their greatest floods, one might not come very near to the 
proportional quantities of the waters carried. 1 found, that the 
first section transmitted 111,749,323 cubic inches in one second, 
and the second, 87,950,554 ; of w hich, taking the arithmetical 

- . i2 
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mean, I ascertained, that tiie flow of the Reno was 99,849,938 cubic 
inches ; and hence, that the quantity of water in tiie Reno alone 
was, to the quantity of water in its stream when united with that of 
the Samoggia, very nearly as 5 to Taking the measurement of 
the other torrents of the Bolognese, in the most regular sections, as 
they are exhibited in the Table at the entl of this Book, I find, 
that, su}>posing the Reno alone to contain 100 parts, and the Sa- 
moggia, united with the Lavino, 40, and, consequently, the Reno 
c'lfter its junction with the Sammoggia, 140; the Navigable Canal 
would add 2 ; the Savena, in floods, 20 ; the Idice, 24 ; and the 
three other inferior torrtmts, the Centonara, the Quaderna, and the 
Sillaro, taken together, 25. Those who have* calculated, from other 
measurements, the streams of these torrents, and wlio, in considering 
their sections as trapeziums, have been more particular in taking 
account of their little iiTegularities, have obtained results which 
differ but little from the above. But as it is sufficient for my 
purpose O) a|)[>roximate, as near as it can be done, on all such 
subjects, to the proportions of the quantities of water, 1 do not 
consider it requisite to push the calculations farther. 
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CHAP. III. 

ON THE VELOCITIES OF THE VVATEIIS IN ARTIFICIAL CANALS. 

We have seen by what law water is accelerated in singh; rivers, 
both from the pressure of tlie wati;rs, and from their fall. In rivers 
that unite with others, there appears to be anotluir element of wliich 
it is necessary to take account ; that is, the shock, and the com- 
position of velocity and motion, which take place at their junction. 
Guglielmini, in the Fourth Proposition of the liighth Chajitm- of his 
great Work on the Nature ol Rivers, began tlu; ajiplication, to running 
streams, of the principleoltlu!; composition of motion. In the Memoirs 
of the Academy of Sciences at Paris for the year IT'.'IS, M. Pitot 
has used the same jirinciple to determine the mean direction wliich 
the waters of two rivers will tak<? wht'n freely united together; lint, 
to find the common velocity of the waters after their confluence, 
hesupjioses, that, in running waters, as in the collision of hard bodies, 
the same quantity of motion is invariably preserveil ; and from this 
hypothesis, lu; draws as its consequence, that the common velocity 
of the united rivers is equal to the quantities of motion in the two 
separate rivers, divided by tin* sum of their (piantities of water. 
Fontenelle has observeil, in his History of the same year, that this 
does not agree with the phenomena ol waters united in tlie same 
bed, and by their union acifuiring a greater rapidity. Father 
Grandi, in the Fourth, and the Firth, Chapters of his First Rook, 
has endeavoured to decide, by the same principles of tlie com- 
position and resolution of motion, not only the direction, but also 
the absolute \'elocity of waters, which either unite, or divide. For 
this purpose, he has invented a floating body, which may be 
attacked at the same time, in the confluence of the stream of two 
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rivers, by the forces of the receiving and Iriljiitary cnrients in their 
first directions ; whence it ought to happen, according to the laws 
of Mechanics, that the floating body will continue its movement in 
an intermediate direction. Taking it for gi'anted, moreover, in the 
XLvi. Proposition, that the motion of the floating body is common 
to it with tlie course ol water in the river, after the junction of 
the united streams, he concludes, that this course sho\ild natur«ally 
have an intermediate direction between those of the recipient and 
the tributary waters. This laid down, he, in tlu; twelve corollaries 
and two scholiums that follow, applies generally to running waters 
all the theories in Mechanics on the composition of velocities ; and 
in the third scholium he maintains, thal if the banks of the re- 
ceiving stream do not yield a litth* 1)elow the opeming to the im- 
])ression of its tributary, t lie thread of water in the rect'iver must 
preserve the same rlirection which it had before, increasing, how- 
ever, its former velocity by a ])art, in |)roportion to the velocity of the 
tributary stream, as the co-sine of the inclination of the rivers is to 
radius. Whence it will follow', that it the thread of water in the 
tril)utary should second by its direction that of tlu- thread of writer 
in the recipient, in making with it, as is generally the case, a very 
acult' angle, the \elocity in the (rornmon bt“d would be eipud to 
the sum ol tlie velocitii's of the recipient anil afllnent streams ; since 
(he velocity, which the floating body would have in the thread of 
the united rivers, would be precisely the sum of the two separale 
velocities. 

It this |)rinciple were admitted, it would follow that the sections 
ol (he receiving stream covdd not be considerably augmented by 
the junction ot the tributary, for the very reason that, the i|uantity 
ot w’ater augmenting, the velocities would be compounded of this 
augmentation, and that the flow of tlie current would become more 
ra[)id than before. But, besides the general difficulties which we 
have before urged on thi^ whole subject of Hydraulics, several other 
particular doubts might be started in regard to the hypotheses of 
Father Grandi. One might, especially, deny, that the case of a 
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single body floating is tlie same as that of two currents of water 
jiassing from two separate beds into one. But setting apart these 
hypothetical theories, mc may still Ibllow the method we have 
already commenced, which is, to discox er the laws of Nature by 
observing her phenomciua. On this subject, however, x'cry little 
information is to be obtained Iroiu former authors. Gugliehuini, 
at the end ot his Seventh Chapter, in considering the celebrated 
[ihenoineiion ol the Po ot Venice, which reccuves the branch of 
herrara, and the Panaro, without any t'lilargemcnt of its bed, has 
stated in general, that a small river may enter into a large one, 
without increasing either its breadth or its height; and he is of 
opinion, that this might hapjjen without any lateral disjx'rsion, 
because the whole of the iru'reased body of water I’ontinued 
in motion l)y follovving the direction of tlu; thread of the stream. 
On the hypothesis that all the sections were effective, and that the 
velocities, before and alter the couflu(*nce of the two rivers, were as 
tlie square roots of the actual heights, the cubes of the hciglit.s 
would be as the squares of the quantities of water which are dis- 
charged in an e([ual time l)y th<‘ sections. Maufredi, in the Third 
Chajiter ot his R<‘])ly t() Messrs. Ceva ami Moscatelli, has dedxiced, 
from this theorem, that the Reno, adding in floods y,- part of 
water to the Po, supposed to be also exjually flooded, could not 
raise its height more than eight inches and om^ half, or nearly 
part. But reflecting afterwards on several other circumstances, 
and principally on an exj)eriment sexeral tijues repeal'd, viz. that 
the waters in the drain of Burana, whether added to or deductetl 
from those of the I’anaro, occasionetl no sensible diftereuee in the 
height of that river, IVlanfredi mainUiineil in the Fourth Chapter, 
that, in fact, the elevation of the Po must be very small for any 
augmentation u Inch the waters of the Reno c ould gi\ c' to ifs stivam. 

The controversies that have lately arisen on the scibject, at Bologna, 
and in Holland, have caused this important part of 1 lyiirometry to be 
amply discussed. The Great Rhine divides itself, near hamnerik, into 
two branches nearly ecpial to each other, the Wahal and I he Rhine. 
The bed of each of these branches is nearly as large as that oi the 
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whole river before its division ; and vvlien the waters rise, they are at 
an equal height in the one and in the other. The second branch 
divides itself again towards Arnheini to form the Issel, and the section 
of the Issel is not very different from that of the Rhine. The first 
division of all tht; waters of the Rhine was begun under the Roman 
generals Drusus and Corbulo ; it was afterwards continued in 
later ages by a great number of subdivisions. This great multipli- 
city of channels, though [)rbductive of very great advantages to the 
navigation and commerce of Holland, draws after it very fatal con- 
sequences. The waters, divided into so many branches, lose the 
rapidity and strength which are required to sustain and push forward 
those heterogeneous substances which they transport. The constant 
rising of the bottom renders the draining of the waters from the 
fields more difficult, increases the ex])ense of the necessary em- 
bankments, and always augments the damages which these extensive 
low lands suffer, when tlu; dikes break, and threaten the whole 
countiy with utter ruin. To se cure that part of Holland which lies 
between Rottenlain, Utrecht, Ainsterdain, and the Ocean, it was 
proposed in 1/54 to tbrm in the Leek, wliich is another l)ranch of 
th<‘ Rhine, a cut w ith sixteen sluices, by w hich a part should be 
disebarge'd into tlie Meruva, which is the junction ol the Meuse 
with the VVahal. M. Genneix', aheaely known by several small 
Works on Agriculture, the Purification of the Air in Hospitals, and 
the Mode of preventing Chimneys from Smoking, published on 
this occasion his Experiments on the Course of Rivers. This Work 
is in the form (>f Letters addressed to a Dutch Magistrate. 

CJennete has asserted, that the proposetl alteration would avail 
nothing towards the diminution of the height of the Hoods ; anti 
proposes, in lieu of it, to reunite all the waters of the Great Rhine 
in the ancitmt brant h f)f the Issel, and in this manner to conduct 
them by the shortest road to the sea. He maintains, that, by the 
union of all tht' waters, their rapitlity woultl be increased, whilst 
the amplitude t)f tlu' sectit)ns would continue the same ; and that, in 
consetpience, the watei-s would have more strength to dee[)en their 
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bed, and to prevent those deposites that are successively made in 
it. He supports his opinion by the directly contrary effec t prodncecl 
from the actual divisions of the Rhine; and he adds, tliat this river, 
before it is divided in Holland, rec(‘ives at Mentz the Majnie, 
whose flow of water is nearly as great, without its being jxissible to 
observe any j>erceptil)le difference in the dimensions of its lied. 
In like manner, between Mciutz and Cologne*, it recei\'es the 
Moselle? and sc'xeral smaller rivers, and yet the he'd of the Rhine is 
narrower at ('ologne than above; its confluence with the* Moselle. 
Rut as he possessed no cejirect ineasureMnents of the sections evf the 
Great Rhine above and Ivelow its affluents, lie sought, by the aid 
of experiments, tei find the* diflere;nee; of the; velocitic's and heights in 
some little canals, in which the dilfeiene e of the e|uantity of water 
was already known. I'or this jiurpo-se*, he* e-ausc'd to he* e;onstrue teel 
at Iji'yele*!! an artificial liver, which was sujuilied with wate*r liy means 
of a. vesse*l five or six feet higii, and into whie*h he eliscliarge*d othe*r 
small streams by nie*ans of sluices. He gave to the; liotiom of the* 
recipient, and of Jill the tril)ularie*s, an uniform eleeiivity of one* foot 
in twelve hundred, and he ohse*rve*d all t he* variations diat occuned 
e;ither in adding tlie tributaries, or in retrene*hing their streams, 
'^rhese; canals were at least six or seven inedies in lireaelth, as I have 
be;en informed liy M. Alamann, a ce‘le;brateel Professor in the Uni- 
versity of Lc;yde'n, who was pre>se*nt at the course* of eixperiments 
made in 1755. During the time; of my abode at the* Hague*, 1 con- 
vcrse*d on the sul)je;ct with some* of the ( ’e>mmissie)ne*rs, who had been 
present by orelcw of Government, and with several other persons, 
who also certified their truth. The result of these experiments 
was as follows ; 

Gennete*, having first noted the he'iglit ol the wate.'r in his only 
reeapient, let in a stream, which added one half to that water; and 
afterwards another, which added anothe-r half. He ol)serve*d, that 
while the ejuantities of water in the; recipient were succe'ssively as 
I, l-f, ‘2, the height of the water w;is to sense; the same ; and that thus 
the velocities and the tpiantities of the fluid increased in tlic same 
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proportion. Having then measured the actual velocities by means of 
a small machine, which he had placed on the river at the time of the 
experiments, he found they were really in tiie j)ro])ortion of 1, 1|-, 2. 
Finally, to find the limits beyond which the increase of height began 
to be sensible, he caused other streams, equal to the first, to flow suc- 
cessively into the new riv er. The first degree of increase that appeared 
was when the augmentation of the quantity of water in the reci[)ient 
was three times great(‘r than what it was in the beginning ; and this 
increase was part of the whole height. TIu; second was Jj-, which 
was observed when the quantity of water was quadruj)led ; and after- 
wards, when the tjuantities of water were as 5, 6, J, the increase 
of height was , c. From the union of the streams, passing to 

the division, Gennete gave his artificial river its greatest possible 
height, by the introdnt;lion of so much water that it was read}’ to 
overllow its banks; then, raisit)g a slui{;e, he let out aliout and 
observed, that the surtace of the water was lowered at first, but that 
the derivatory canal was scaicely filled when the surfiice returned 
to the same height as before, tlie waters of the canal and of the riv er 
afterwards maintaining the same level Another opv ning was made, 
which took olF the half of the water in the entire riv er, but did not 
produce a greater effect than the former. It is true, that, vv hen these 
canals w ere oj>en, and things vvvTt' reduce<l to a state of permanency, 
the velocity, measured by the little mac’hine of Which we have spoken 
abov<’, was found to bediminished. The limits of tin; diminutions were 
the following. When two equal streams were introduced together, and 
at a distance from their moutlis, two cuts, each of a section e(pial to 
that of the whole river, were openetl, the; watvTs fell -,-',;. When the 
evjual and united streams were five in number, and the section of 
the tvv<K;anals of derivation was, as Ivefore, e<pial to that of the whole 
stream, the al>ast*menl was -W If the same, when there were 
three camds of derivation, and six iiccessory streams. With tw-o 
canals of derivation, and six streams all equal, the abasement 
was v'i- 
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M. Geniiete’s Book was published exactly at the jieriod wlieii 
I was engaged in the Bolognese controversy ; and on comparing 
together the observations made on the rivers, it appeared to me, 
that it might be inferred from them that frequently there is not any 
sensil)le increase' of hciglit, even Avhen there is a considerable aug- 
mentation in tlie quantity of water ; and, therefore, that the velocity 
of the water increases sensibly in the same ratio as its quantity. 
Although the experiments made on little canals can never serve as 
a rule for the regvdation of great rivers, they are sufficient to show, 
that Nature, on the small scale and on the great, acts always l)y the 
same laws, and is ever analogous to hers('lf. It was on account: of 
this analogy, that I inserted in my Book the result of the experi- 
ments, and that 1. immediately imulc! them known in Italy. There 
was no person, out of the whoh‘ number of those who examined 
the.m, who denied tliat there might exist a cast' in which tlicse ex- 
peihncnts might be verified, as appears by the various Reports in- 
serted in iht: Florentine C'ollcction, and cbit'fly after pagi' 5-J4 of 
the Sixth Volume. Some juasons have deemt'd tlu'iii utterly untrue ; 
and otluas havt; thought, that they led to the most absurd conse- 
quent^i's, since, by applying to riveis the ol)servations Gennete had 
made on artificial canals, and taking in the most extended stmse 
the limited result of his ex|)erimcnts, tlu^y conct'ivcd that the natural 
conclusion would be, that one might increast', without any limits, 
even ad injinitam, a body of w ater, without visibly increasing its height. 
Snell an absurdity h:is no connexion with the observations made on 
a small scale by M. Gennete, nor with tin; particular jiosition which 
I had established by olist'rvations made on a larger scale in our 
rivers. My jiosition was [)recisely this, tiiat as the Reno l eceives 
the Samoggia ivithout. any perceplibU' ilifl'erenc'e in the arnjilitude 
of its sections, so it might also receive the Savena, the Idice, and 
the other infeiior little torrents, without any siaisible augmentation, 
either in (h'jith, or in brea<lth. 

The experiments have been carefully repeated, at Ferrara, in 1762 ; 
again repeated, at Rome, in 176d ; and again begun anew at herrara, 
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in 1766 , with results entirely ditFerent. On the supposition that 
Gennete has fairly and exactly stated his own experiments, which 1 
have had attested by several eye-witnesses, and on the further sup- 
position, in which all the world were aji^reed, that Genncte’s experi- 
ments might he found correct in some particular cases, it only remains 
to he said, that the cases at Koine and at Ferrara were not the same 
with that at Leyden. M. Gennete has offered to come and recom- 
mence himself his exjieriments, in Italy ; hut neither in his Kook, 
nor in his private Letti'rs, has hi; do'taihal the circumstances of his 
artificial river; as, for example, what were tlie precise lireadth and 
height of the sections, how the cpiantities of water were adjusted, 
at what tlistance the tributaries entered, and the ramifiixitions were 
formed. (hTinete has, howev'er, clearly provi-d in his Letters, that 
the Koniau experiments presented nothing that could agree* with the 
rules of Ilydrnmetry. It is certain, that the plan of the machine, 
described in the fifth platen of the Sixth Volume of the Collection 
of Idorence, is sufficit'ut to show, that tlu* breadth of the separate 
canals was not uniform; that, at the jioint of theii* juiu^lion, the 
streams met in a different manner; and that the whole' ce)nstrut,tie)n 
was ve'iy elilfereut freun that e)f Geune^te. Moreover, t he Reiman 
machine' was teiei small, the smaller e anals be'ing only one inch in 
breadth anel twelve feet in length, as a[)pe*ars by |)age 512 of the 
( ^illectiem abeive e|ue)leel. It is v ery e-asy to see, that the* resistaue’e 
of the bottenn anel sides, in suedi small sfre*ams, ceudel ne>t but 
elisturb the whole' re'sults of the e'XperiuH'uts. The same may be 
said of the mae'hine' use'el at Ferrani in 1766, of which the* canal 


was 10 feet 5,| inches long, 2 iue'lu's wiele^, anel 2:{- elee^p, as 
apjiears from |>age 533 of the same C5>lleetie»u. FurtluT, the 
waters entered it by holes eipetUMl in the reserveiir itself; so that 
there* was nothing lliat eaiulel be'ar a reseanblance tei a river 
attacked and take'u in flank by a tributary stream. 


The maehine used at Ferrara in 1762 


hael a nearer resemblance to 


that of Genne:te'’s. The recijiient was 1 ,09 feet lemg and 7 inches wiele ; 
the tributaries were* of the same width, anel were placed so as to 
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enter laterally at an acute angle. The result of the experiments 
was, that, in permitting the first tributary stream, containing nearly 
an ec[ual tpiantity of watc;r, to enter the recijiient, the augmentation 
of the height was ne.'irly one lialf ; and this augmentation became 
almost another half on the admission of a second trilmtary. 11 there 
were any wisli to ajiply these experiments to Hydrometry, all that 
could l)e stated against it would be, that the (piantity of water was 
too small, and the velocity of tlu; surface too grt.-at, to bear any re- 
semblance' to a river: the rapidity at the surface being, in the Fer- 
rara experiments, 199 feet in four minutes, or 2,985 feet per hour, 
was about a lifth of the velocity which we have already assigned to 
the surface of the Reno ; whilst the body of water was only 4,1.00 
cubic inches per minute, that is, 146 thousand times less than the 
w hole How of the Reno in Hoods. Rut it is not natural, that, when 
all the otiier elements of a river are thus reduced, the element of 
the velocity at its surface should, alone, not also decrease in some 
kind of pro|)ortion. Resides, T am unwilling to have it t'ven j>re- 
tended, that the laws of great rivers are to be establislied upon 
wliat takes |)lace in siuHi streandets oi waiter. I will, therelore, 
not I'nter upon the other ex|»eriments, which were tried at Rome 
and Rologna, and which agri'cd better with those ol Gennele. 
I leave to cxpeiimental Physics all tliese subtilties ot Ait, and 
proceed in my eiuleavours to trace out in Nature the principles 
and rules of Hydrometry. 
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CHAP. IV. 

ON THE VELOCITIES OF RIVERS, UNITED, AND DIVIDED. 

In the last Inspection of the waters of tlie Bolognese, by so many 
able Rejiorlers ami Mathematicians, lhei*c were taken, with the 
greatest care and the utmost jirccision, four sections of the Reno 
above the entranc<‘ of tlie Samoggia, and fivt* other sections 
below that entrance. The greatest heights were determined from 
that flood of tlie Reno which came down on tlie 15th of November 
I 76 I ; and these very lieights, the breadths reduced, ami the 
sections, were found to be as follows. 



Greatest Heights. 

. 

Breadths reduccti. 

Sections. 

Above - - - the entrance. 

feet. 

Feet. 

Stjuarc Feet. 

No.l. - - - 

m 

176 

3080 

II. - - * 

17 

157 

2669 

HI. - - - 

tfir 

151 

2491 

IV. - . - 

16; 

207 

3415 

Below - - - the entrance. 



1 

No. I. - - - 


1584 

2298 

H. - - - 

13; 

166 

2213 

III. - - - 

13 

198 

2574 

IV. - - - 

134 

153 

2065 

V. - - - 

Ot 

2594 

2422 


Tlie four first inferior sections were taken in places far distant 
from the valleys ; and all the sections, at places where the upper 
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superiicies of the river is parallel to its lower superficies, and where 
the lower superficies is parallel with the bottom : whither, of course, 
the acceleration arising from the free of)ening of the fractures 
into the valleys could uot extend. The lowest of the lour sections 
taken in the upper district is two miles distant from the mouth 
of the Samoggiu; smd, consequently, there could be no susj)icion 
of any reflux. Almost all the upjjcr and lower sections have 
been taken where the bed is vtay regular, and where there are no 
angles or turnings, and where it is, consequently, impossible to say, 
that tile diminution of the windings contributed to the acceleration 
of the stream. The frc'sh that came down tlie Rtmo, on the day 
above mentioned, did not in fact reach its utmost height at the 
same time as that of the Samoggia ; liecause it seldom happens, 
that the floods, in rivers wliose courses arc ililterenl, occur exactly 
at tlu' same time. However, as the ditrerence of their course is not 
very great ; since the origin of the lleno is not far distant from that 
of the Samoggia, and botli these riv(*rs swell from the same causes, 
rains and inelled snow ; it always hapjiens, that, wheiu'ver the Reno 
has reached its utmost height, the Samoggia is greatly swelled. 
In reality, tlu' greatest height of the flood of the Samoggia, on the 
day in qiu'stion, |)recedc'd that of the Reno Imt by a few hours. The 
Reno, then, di<l ri‘cei\'e a considei'able body of water from the 
acc'ession of tlie Samoggia, without increasing, either in height, or 
in stH tion. 

I'he same elfeel is jiroduced l)y lh(‘ ctm/luence of tlu^ Lav ino with 
the Samoggia. Two sections ol this liver were taken above its 
mouth; the one, at the distance ot 1,132 jjerches*, on a very rapid 
bottom, and for this reason incajiable of Ixang compared w ith the 
sections taken bc.’low' it, in places w here the* slope is much less ; the 
other, at the distance of 35(1 perches*, on a very regular bottom. The 
greatest height of the second W'as 18 feet, on a reducc*d breadth of 
58 feet ; and the w hole section was 1 ,044 square feet. The Sa- 


The Bolognese /nrt/d contains 10 liologuese, and about 12^, Knglisli, Icet. T. 
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moggia, immedijvU ly below the entrance of the Lavino, falls from a 
very ra[)id eUn ation of nearly four feet, as appears by tlu; profiles ; 
so that the acceh'ration of the fall nuist [irevent the reflux of the 
united streams, whatever it may be, from extending much above the 
entrance ; and further, the declivity of the Samoggia, in these 356 
perches, is more than a foot; from whence it follows, that, when the 
reHux at the conHuence of the Lavino would keep uj) a loot of dead 
water, or jierforin tlie functions of a Avear a foot in height, the 
horizontal line <lrawn from the top of this wear coukl never 
])OSsib!y reach so distant a bottom, and thus the measured section 
Avould be Ifee. Finally, aliove and below this section, the surface is 
parallel to the bottom : nor is there any apjiearance of regurgitation. 
Below the entrance of tlie Lavino, where tin; bottom of tlic 
Samoggia is more regular, and proceeds [larallel the surface, 
tluMitmost height is 15® teel, on a reduced breadth of 76-,]- feet ; and 
the whole section is llO/ scjuare feet. The Samoggia and the Lavino 
running near each other, and having almost the same course, their 
Hoods always come down at the same time. I'hus, althongli the 
quantity of water is increased nearly one third in the Samoggia, 
after the junction ot the l.<avino, as has alnnuly been saiil, and 
although the slojie of the liottom is considerably diminished in the 
Samoggia, nevertheless the height is h'ss, and the whole section 
A'ery little largei", than lieforc. 

The ojierations carried on in the Gaiana were not less exact; yet, 
although it imaeases by nearly a half the body of water in the Qua- 
derna, it sensibly augments neither its height, nor the magnitude of 


its sections. The section of the Tiber, alvovt* the entraned ol the Teve- 
ront', is 4,013 S(juare palms* ; and below the conHuence, 4,0/1. We 
have, besides, several other examp'es of running streams considerably 
augmented, without any visible increase of their height or breadth. 


' The architectural Uoinau palm is equal to *73‘2 of the English foot ; unci the s^piara 
aim, theref(n*e, to ooh nearly of the English square foot. 
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Thu s we find in the Process-veibal of the Oliservatious made on 
the Po in the Visit of 1719 and 1720, that, the Po liaving been 
observed at the time of one of its greatest floods, which happened 
in 1714 , none of the inhabitants of Lagosenro, or of the other 
places in the vicinity of the Po, were able to discover any sensible 
difference in its height, although thei’e was, at the same time, a 
great fresh in the Panaro. We also rt'ad, in the same Notilication, 
that during the flootls in 1719, neither the Panaro, nor the Secchia, 
considerably jaised the surface of the Po, although thii utmost 
heiglit of its flootl certainly occurred at the same time with that of 
the Secchia. We read, in the Collection of Oliservations for 1728, 
that, having made the experiment of placing marks in tlie Panaro, 
and of letting in and afterwards withdrawing the waters of the 
great drain of Burana, they observed in the Panaro no sensible 
rise in the first instance, nor any visible decrease in the second. 
These three facts have been jiarticnlarly attested by hiustace Man- 
fredi, whose testimony is worth that of all the others. 

]\’o ohjeertion caii be made to these I'acts ; for it c^innot he said, 
that the cjuaiitity ol water in the* allhuMit bore no se nsible proj)or- 
tion to that of the reci[)ient stream, nor that the sex-tions ol’ tlic 
recijtietrl Avt‘re not etl’ecticcs ncatlier can the invari;d)ility of these 
very sections he attriijutc'd to any other causes than an increase 
of velocity in the unitc'd water’s, proportioned to the incrc'ast'd 
<|uantity of \\alc;r itself. 

What has hec'n observed in the conjunction of rivers, is also 
seen in their derivation or di\ ision, w here* it oftcai happens, that in 
diverting from tlie principal channel a c onsiderablc body of water, 
that which is left liehind is not visibly diminished, either in height, 
or in brcnulth. Although Gennete has not furnished us with concct 
measurements in reference to the observations which he has rc'portcd, 
they are, nevertheless, confirmed by another observation made on 
the Po of Vcvnice, and fully detailed in the celebrated Avis of M. 
Kiviera. Tlie section of the branch d’Ariano, sefiarated from that 
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delle Fornaci, is ‘2,3(>5 .s(jiiare feet ; that of the princijial trunk, 
betore tlie separation, is 12 , 070 ; and that of the other branch delle 
Fornaci is 12,330^ ; and lastly, the reduced breadth of the prin- 
cipal tnink is 35 feet less than the breadth of the branch delle 
Fornaci, and the heiglit is only one inch and a half greater in the 
former than it is in the latter. With so small a diminution of height, 
and an increased breadth of 35 teet, tliey w ere enabled to draw, 
from a section of 12,0/0 square feet, a sutlicient quantity of water to 
form a section of 2,365 stpiare feet, by the sole combination of the 
difference in the result of the velocities in the two canals. As 
all the w'ater that passes through the two inferior branches delle 
Fornaci and d’Ariaiu). is the same as liad |)r<'viously ])assed by the 
main trunk of the Po, l)efore the division, there can be no reason 
to doubi l)ut f luit the same tiring rnnst hap|)cr), if, by a retrograde 
movenu'ut, their branches should be uniti'd again into a single 
bed ; and this so much the more readily, as tire confluence W'ill 
take jrlace with a more acaite angle tlian that at the jrlace of 
sepeuation. This ohstu vation is sullit-ient to show tire inutilitr of all 
derivations, eveir where they would draw oif, from the main Inmk, 
a (juantity of watt-r bearing a sensilrk' proportioir to the w'holc 
remainder of tlu' rir er. 

It is an Irydrosfalical paradox, <;oinmoidy taught Iry Italian 
authors, and uniformly confiinied fry e\j)erien(.e, tliat you do not 
diminish the //c/gZ/Y of the waters in great lloorls by lessening iht' 
qmmruij of the water. Fattier CasK'lli, in the 13lh Corollary of Iris 
First Book on Uunning Wafers, has di.sap|)ro\’ed of the division 
formerly made of tire I’o at Buondeno, and which was afterwards 
abandoned in the year 1638. Guglielmini, in Iris .xii. Chajiter, has 
confirmed the opinion of Castelli, as far as regards the little utility to 
be flerived from discliarging-sluices, as well from the small quantity 
of water which they let off in proportion to that of the whole river, 
as from the very small retrenchment that they make fiom the height 
to which the river would have risen, if they had not been made. 
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Eustace Manfredi, in a Paper never printed, has clearly jiroved the 
inutility, and the danger, of all the cuts which some persons hatl 
proposed to make in the right bank of the Serchio. Experience 
has, in like manner, demonstrated the inutility of the cut made in the 
embankment on tlie right of the Arno, at le Fornacette, by means 
of which it was formerly ex}>ected that the city of Pisa might be 
secured against inundations. This cut having been made in 1740, 
three or four Ineaclies occurred in the uj)per bed of the Arno, and 
yet at Pisa there was no percej)lihle diminution in the height of 
the floods. The cut was ma<le anew in 17<)1, during the month of 
November, at the time of a very great flood, yet tlui waters tnntinued 
to rise so high that some persons could not be persuaded the cut had 
been made. The fresh came dtnvn in a lew hours on the night of the 
14th, and continued with slight variations till the evening of tlie 15th, 
At seven o'clock, that same evaaiing, tlu y made in the left bank 
of the river at le Fornacette an o|)ening of 8 braces, which was 
soon widened bj the >v'a1ers to betwc'en 28 and 80. Howe\ er, not- 
withstanding the amplitude of the section and the <|ua.ntity of w'ater 
that issued by it, tlu; river continued to rise at Pisa; and, about 
(‘levtMi o’clock, it reached thr* greatest height that it had ever attained 
in the memory of man. The next morning, I observed all the arches 
ol' the bridge, in tlie marshes, coveied liy tlie waters ; there was in 
the centre liridge only ;i single ar<h, and two in the sea bridge, 
tliat were not entirely co\ ered. In tlie afternoon of the 16‘th, the 
floorl increased afresh; and it was not fill towards the evening that 
it began to subside. 

I nhiihl add to mv own observations those- made in other rivers 
with which we are acejuainled. The canal made by order of the 
Emperor Nerva, to draw olT the- superlluous waters of the Tilier, 
at the time of its greater freshes, did not eontribute in the smallest 
degree to preV^-nt the inundations, as Pliny lias assured us in his 
Letters. The two sections of the Tiber given in the; plan of 1744, 
above and below the separation of the Canal of I'iumicino, have 
very nearly the same breadth. The reduced depth in the upper 
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section is 10 palms*, and the wliole section is nearly rectangular ; 
the reduced depth in tlu; lower section is 9 palms f- ; hut, as the 
actual deptli on one side of the section reaches as far as 18 palms|, 
in reducing it to a regular and rectangular section, the waterway 
will be found nearly the same. Thus the branch of Finmicino pro- 
duces no sensible advantage to that of Ostia, 'i'he two relieving 
sluices that Vincent Viviani caused to be made in the t'elone, 
which is a tributary of the Chiana, have caused the filling up, and 
the loss, of the principal trunk. One may consult, on this subject, 
the Opinion given by Thomas Perelli, a learned inatliematician, on 
the Derivations from the Torrent Marroggia. One may also inspect 
the Discourse of tin; celebrated JLorgna on the Inundations ol the 
Adige, which sufliciently jiroves, that all derivations made in that 
river have only jiroduced a heightening of its bed, and thereby 
rendered the floods more dangerous. 

To sum up the whole ; it is very certain, that the height of 
uniteil rii ers increases in a much less ))ro|)ortion than the body ot 
water liy which they ai'c augmented ; and tliat Ireijnenlly, with a 
considerable addition to the body of water, no sensible mignienta- 
fion of height is obtained ; whence it results, that, when this is the 
case, the velocity of the water increases perceplibly in pro[)ortion 
to its (juantity. Tins phenomenon forces itself on the notice of every 
one w ho compares the height, and the section, ol’ a river with the 
sum of all the heights, and of all tlie sections, of its tributary 
streams. All tlu* observations which have yet been made on rivers, 
large and small, contirm the same fact. The Great Rhine, after it 
has received tlie Mayiu?, which is nearly as large as itself, does not 
appear visibly augmential ; and alUa’vvarils, when it is diviiled into 
two or three branches, its surface is not apparently lowered. The 
Danube receives the Inn, almost equal to it in dimensions, without 
becoming either broader or dee|)er. The greatest Ireshes in the 
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€h VP. IV, RIVERS, UNITED, AND DIVIDED. j'jr 

Secchia and the Paiiaro occasion no rist; that is observable in the 
height of the Po. For similar reasons, the divisions of the Po, and 
of the Tiber, do not cause the lower sections to be much less than 
those of the princi{)al bed. l^he Tiber at the: entrance of the 
Teverone, the Panaro at the drain of Burana, the Quaderna at the 
junction of the Gaiana, do not e*.v[)erience'' any sensible difference 
in their set;tions by the: increase of the body of water. So also tlie 
Sainoggia, after being auginented one third by its union with the 
Lavino, and the Reno increased by a little less than two filths 
in consequence of its junction with tlie Sainoggia, do not visibly 
augment either their breadth, or their height, in great Hoods. 
N o liydrometrical truth can be conlhined by a greater number 
of uniform oliservations. Wherefore, in general, the vi'lot ities of 
united ri\'ers increase nearly in jiroportion to their quantities : and 
lienee, in the particular case of the Reno, should its stream be 
augnieiili'd two seMuiths by its union with the Savena and the 
[dice, iiisteail of increasing its section, it would accelerate its 
course ill projiortion to the increased quantity of wafer received. 
This particular conclusion will sulHce for what we sliall have to 
siiy in tlie sequel. 
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CHAP. V. 

OS THE SLOPES, OR DF.CLIVI'l lES, OP RIVERS. 

All rivers, which carry sands and slime, tliongh they flow in their 
own beds without anv increase from the union of new streams, 
dispose their bottoms, in the lower parts of their coiirsi*, on a less 
slope than tliey had in the upper ; that is, the dc'clivity diminishes 
in proportion to the distance they have run from their sources, as 
has been taught by Guglielmini in the Seventh Rule of his Fourth 
Chapter. All the levels that have been taki'ii in rivtjrs ol' this 
nature, between one tributary and another, allowance being made 
for some irregularities, give -a declivity of bottom, which, when 
reduced, gradually iliminishes as you descend the stream. Thus, 
for example, the Reno, in tlu^ first 7^1 perches lielow thti (aitrauci' 
of the Samoggia, lias, acxMirding to the last levels, a declivity of 
17 inches 8 lines per mile ; and in the whole spact* of smen miles 
and a half, from the Samoggia to tlie breach called Panlilia, it 
has a reduced declivity of 18 inches 4 lines, wliich diminishes to 
14-;^- inches in the three last miles aboic* the lireach; and in the 
time when this river ran to Vigarano, six or seven miles below the 
existing breach, its slope in the last trunk was only T2y inches 
per mile ; as may lie seen in tlui Records of the visits made by 
M. RiviiMa. 

The cause of this is, that, in the ixmtinuation of the course, the 
sands mixing together in various ways, and constantly rubbing 
and striking against each other, become finer as they go on, and 
therefore reejuirt' less force to push them forward : and, although it 
lie tj ue, that the slo|)e of the bottom contributes to the acceleration 
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of' the waters, and to the aiignientation of’ their force, nevertheless, 
if the l)0(ly of water is sii[)[)osed the same, it is certain, that, when 
the sul)stances are lighter, less declivity is necessary to keep the 
bottom of the bed always well (’leared. Tlie same diminution of 
slope is observed in rivers and torrents, which roll stones and gravels, 
not because the stones and gravels diminish sensibly in size by the 
continual friction, but fjecause the largest gra\ds, and those stones 
that are the heaviest and tlu^ least regular, are gradually left behind. 
To these diirertmt reasons is owing tlie constant verification of the 
general principle, that, supjvosing the body of water to be the same, 
the slope of the bottom diminishes in ])roportion as the s\d>stances 
brought down by the currents become smaller and lighter, 

I f the (juestion is, next, concerning those rivers which are (‘idarged 
by their union with others that are less, it is ecpially certain, that 
ilieir bottoms will requiie a fall .so much less, as the unittai body of 
waters sliall be more considerable. This jnincijile has Ix'en treated 
of, at ini! length, by Guglielmiiii in his Fifth Chapter, and by EusCiCe 
Maiifredi in his llejdies to Corradi and (leva: and if is a |)rinciple 
( on firmed by facts and j)henomena ; for if you measure the slopes 
of all the streamlets fhaf. tbrni a brook, and of idl the brooks that 
form a torrent, and of all the torrents that fall into a great riv<*r, flic 
smaller currents Avill always be found to have a more ra[)id descent, 
uul a greater declivity ol holtom, than the larger. Jhiratlieri, in 
the First i*art of his Architecture, has already ohserved, that 
the (ireal I’o, from (Jremona to flie entrance of th(“ Oglio, flows 
on a greater slope than that whit;h it has in lowtT parts. The (to- 
elivity ol the Po, from Stellata to Lagoscuro, is at llu' rate ol seven 
inches to a mile; and from Stellata, in ascending to the Mincio, 
its redueed slope is inches, as Manfredi has reckoned it in liis 
Uialognes. The shjpe of the Panaro, al)OV(? the same' plaety Stellata, 
is 18 inches 10^ lines ; fhe' slope of the Tavino, alone, is at the rate of 
76 y inches ; and that of the Sarnoggia, in Ihe two last miles aiiovc 
the entrance of the Lavino, in ihe [iroportion of 23 inelies 5 lines 
to a mile. Alter the junction of the Lavino, the reduced slope of the 
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Samoggia is no more than S/i inches, to its opening into the 
Reno. The slope of the Reno, two miles aboN C the continence ol the 
Samoggia, is 26 inches 2 lines per mile ; and in all the upper 
space, for 5 or f> miles, it has a reduced slope of 25 inches; but after 
the junction of the Samoggia, the slope of the Reno is only about 
IS inches, as has been already observed. 

In considering these observations in detail, llse example of the 
Po and the Panaro for great rivers, and th:it ot the Rtnio, ot the 
Samoggia, and ot the Lavino, for less rivers, \\ ill iurnish us with 
another principle, wliich is, that if tiic trll)ulary and the recipient 
carry to the [)oint of their junction substances lU'arly similar and 
hoYnogeneous, the slo[)e of the common lied will be less, not only 
than that of the tributary, but even than that which the recijiient 
had previou.sly in its own bed. Tlie other levels taken in the Tiber 
above and below the Teverone, and in the Quaderna above and 
below the junction of the Gaiana, (;onfinn the truth ol' this pro- 
position. 

It is certain, that, on the supjiosition that the sands and the slinu; 
l)oth of the tributary rivers and its recipient an* nc'arly alik(' in (piality 
and in cpiantity, there will result a river ecpially tuibitl both bc‘fort; 
and after its conlluence, and in which the same quantities ol water 
contain the same qunfitities of earth and .sand. Ihit whaU'ver may 
be the force, whicli is necessary to keej) the lloafing bodies incoi jio- 
rated, to carry off the de[msit{'s, and to prostaa e tlie botlom clear, it 
must depend on the body of watia*, and on tlie slope : so if a giv en 
body of water in a recipitait, wliile alone, is established on a bottom 
of a given inclination, this very recipient, after ihe junction ot a tri- 
butary, must establish its beil, by means of the increased body of 
water, on a U'ss declivity than it luul before. All this shoukl equally 
take place when the w att'i's are highest, when they are lowest, and 
when they are in their intirrmediate states. I'iuslacc Manfredi, in 
tlie Exposition which he has given of the 4th Coroll, to the vi. 
Pro|)osil ion of tin* Fifth Chapter of Guglielmini, which states, that 
the greater the ordinarij body of water in a rivers the less will be the 



Chap. V* 


ON THE SLOPES, OR DECLIVITIES, OF RIVERS. 


81 


slope of its bed, has remarked, that the time, at which the waters arc 
sufficiently strong to push forward any detached substances that 
may be in the bed, is not limited to the single state of great floods, 
but thcit the same eflect may be productni, at least to a certain 
degree, even in the ordinary flow of the stream. It is useless to 
object, that, when the waters diminish, the <|uanfcity of substances 
brought down by the current do not lessen in the same propor- 
tion; and, that as a ri\cr then remains etpuilly turbid, it miglit 
leave deposites, if an ample fall in the bed did not supply the 
place of the diminished height of the stream now rethiced- 
This difficulty, which affects the establishment of the bed of a 
riv'^er whilst it remains singh‘, is wliolly inapplicable to those rivers 
of which the lieds are considered as already established, and which 
afterwards unite; and it will ahvays be correct to say, that if the 
recipient alone, with a given fall, maintains its bottom (juite clear, 
both w'lu'n ils w'aters are low-, and whtui they are high or of the 
common rise, it will, after a union with a tribufary, r<‘quire a less 
slope to flo. down at all times its silt, and to swaa'p away the 
new deposite. 

What has i. lieen stated may be ecjually well applital to cases 
where the great freshes do not come down at the same periods, or 
where, as frec|uently ha|)pens, the tributary has a greati'r declivity in 
its own bed than the rieipient. In all regulated livca’s, on the freshes 
of a tributary c;oming down, the stream of the; recipicait flows back, 
arul, <le])ositing scfliments al)ov<; the mouth, may form deposites also 
below' it, if the assistance, w'hich tlu^ tributary receives from the lo\v 
waters of the recipitait, is insufficient to comi)ensate for the difference 
of fall which the tributary encounters in j)assing from its own into 
the common bed. But the regurgitation can oppose no obstruction 
to the waters from that point, above the two bottoms, to which 
the horizontal line drawn from the low surface of the recipient 
heightened by the Hood of the tributary reaches, as has been demon- 
strated by Father Grandi in the 36‘th Proposition of his Second Book. 
Thus, the tributary being swelled, and not the recipient, and it being 
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impossible to prevent a reflux of the water, vshoals will be formed in 
the bed, even in the higher parts ; but the first floods that come down 
the recipient will replace all things in their former state. It is thus 
that the Samoggia often meets, at the mouth of the Lavino, the 
de[)Osites which had been left by this river in its last freshes : and it 
very commonly happens that the Reno meets, in its own bed, the 
deposites left there by the Samoggia. When, however, the freshes of 
the Samoggia come down, its bottom is re-established on a tall not 
only less than that of the Lavino, but even less than that which 
it had in its own bed. In the same manner, the Reno, in floods, 
always preserves its bottom on a considerably less slope tlian that 
of the Samoggia, as well above as below its entrance. From these 
examples, one may, on good grounds, conjecture what would ha})pen, 
if they should introduce into the lower parts of the Reno some 
other tributaries, which do not convey heavy substances to their 
mouths, although tlieir freshes do not descend at the same jieriods ; 
namely, that the slope of the Reno wouhl lessen by degrees at the 
mouth of the first tributary, in like manner at that of tlie second, 
and so on for each of the rest which are farther down. 

Corradi wished, by employing some formularies of Parent, to fix 
the law of diminution in slopes. This Geometrician pretended to 
prove, by some of his reasonings, that the force of friction in a 
rugged body is nearly one third of the perpendicular force which 
presses one surface against another ; which is conformable to some 
experiments of Amontons. But, on planes inclined to the horizon, 
that part of gravity, which solicits the descent, is in proportion 
to the sines of the inclinations ; and the other jiortion of gravity, 
which acts pcij[)endicularly to the planes, is |)roportional to the co- 
sines ; and further, in planes whose inclination is very small, the 
first of these two forces may be neglected in respect of the second : 
whence the whole force of friction, and the Avhole force that is 
required to move a rugged body on an inclined plane, will be 
proportional to the cosine of the inclination. Corradi has pre- 
tended, from this principle, to establish two rules for the gradual 
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decrease of the slopes of rivers whose bottom is not variable : the 
first, that the cosines of the beds of rivers that are fixed, and which 
float similar substances, are as the velocities, when these beds 
descend constantly towards their mouths ; the second, that, in two 
fixed rivers, in one of which the bed descends, and in the other 
ascends, towards its mouth, the velocity of the first is to the velo- 
city of the second, as the cosine of the first is to the sum of the sine 
and cosine of the second. But if one wished to apply the first rule 
to the case of the rivers in the B<jlognese, and if, on the supposition 
of Corradi, one were to reckon that the velocities were as the scjuare 
roots of the heights of the water, the diminution in the slope of 
the Reno would be found to be so great for a very small increase 
of velocity and height, that, at the confluence of the Savena and 
the Idice, the cosine Avould be greater than the radius ; and the 
base, or foot of the slope, greater than the bed itself which slopes : 
by wdiicli means the slope would be entirely reversetl, and from 
descending would become ascending, and the streams might floAV 
upwards. This is the princi[)al absurdity to which Manfredi has 
reduced, in general, the rules of Corradi. 

Guglielmini, in his Fifth Chapter, has considered separately two 
cases of the establishment of the bottoms of rivers. The first is 
that which is effected by the excavation of the Avater ; the second, 
by alluvions, filling up, or deposition of substances floated doAvn. It is 
not stated Avith sufficient clearness, in the Discourse in Avlnch this 
great Master oti the subject of rivers show's, in the First Proposition 
of this Cha|>ter, Avhat are the gtaieral rules for the slo[)e required 
in a river, that it may either excavate its oavu bed, or float all its 
sediments and leave no deposites. It appears, however, that the 
whole may be reduced to the following principles, which are in 
themselves A'ery simple and very clear. If a river, having a per- 
manent bed, flows alone over a given slope; and ifi after the junc- 
tion of some tributary stream, the bottom of the common bed is 
found to be composed of substances equally removable; its bed 
may remain equally excavated, even with a less slope than it had 
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before, when the force which the stream employs to tear up the 
bottom, atkled to tlie force with which the matter torn up runs on 
the inclined plantis, forms, before and after the junction, an equal sum. 
Now, us the relative gravity, which determines the particles of the 
bottom to descend, is in jiroportion to the sine of the inclination 
of the plane, and as this gravity is very little different in two planes 
whose inclination is nearly equal ; whenever the question is of 
beds whose inclination to the horizon is very small, the relative 
force of gravity may be neglected, as incapable of preventing the 
excavations from being nearly equal, both before and after the junc' 
tion of a trilmtary, when the force and velocity of the stream are the 
same both above and below the junction. Jn like manner, since 
there must be a certain degree of agitation proportioned to the 
weight, to the mass, to the figure, and to the siq)erficies of the [)ar- 
ticles of earth, and of sand, to keep them always united and incor- 
porated with the water ; it is evident, that, when the waters under 
consideration are equally turbid, or nearly so, and the portion of 
earth or saiul in an e(|ual ((uantity of the water is always the same, 
the sediments may be kept afloat without making deposites, as often 
as, in the bed of the reci[)ient, the force and the rapidity of the water 
are the same before and after the junction of tin; trihiitary. 

Guglielmini has besides left us some more precise rules in the 
Corollaries to the Second IVojiositiou of the Fifth Book. These are 
the following : i/ie grealer the <iuantity of water that a river carries, 
the less will be its fall : aiul, the greater the force of the stream, the 
less will be the slope of its bed. But as, towarils the cud of the 
Second Proposition, he understands, l)y the force; of the stream, the 
velocity itself, the second rule must be resolved as Ibllows : the 
greater the velocity of the stream, the less will be the decUviiy of 
the bed. But tin; velocity of rivers which unite augments nearly 
in preqiortion to the (piantity of water with which they are 
increased, as has been stateel in the jueceding Chapter. These 
two rules, then, will finally resolve themselves into this single one: 
namely, that the slope of the bottom in rivers ivill dimmish in the same 
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proportion in which the body of' water is increased. Ttiis proposition 
may be established witli yet greater eertaiiity by the other argumeiits 
which we have used before : since, the relative gravity being [)ropor- 
tional to tlie siiuis of the inc linations of the jjlanes, if the sine of 
the inclination of the bcjttoin in the recijiient, after tlie junction 
ot the tributary, were diminished in pro])ortion to the cjuantity of 
water with which it is increased, the accelerating forces, and the 
sucocvssive accelerations, which are caused by the slope of the 
bottom, would al.so diminish in the same pro|)ortion. But the 
whole velocity of running waters, on the concourse of a tribu- 
tary, incrc‘ases in |)roj)ortiou to their (|uantity, at least nearly and 
scmsibly so. Then, if the sines of the slopes of the reci|)ient, 
before and after the junction of the tributary, were reciprocally 
proportional to the cpiantitic's of water, the total and absolute 
velocity, after the conlluence, would be greater than before it, and 
the force would be greater also; whence it rcsidls, that the sediments 
wciuld float so much the better, and that the bottom of the united 
waters must even be further e.Kcai ated. 'I'herefore, in lessening the 
sine of the' slope, on which the liottom of the solitary recipient is 
establishc^d, in pro|)ortion to the cpiantity of water by whicli it is 
increased, tluae would be obtained a slope greater than is necessary 
for the body of the united waters. 

But to remove all common Hydraulic doubts and difricuhies, we 
will still further endeavour, on this occasion, to establish the truth of 
this theorem by the observations which we hav(? matle on tlu^ slopes 
of rivers. The cpiantitics of watia’ in the Samoggia united with 
the Lavino, and in the Samoggia alone, bt'ing nearly as 4 to 3, 
according to the residts of the preceding Chapt(n*, and the reduced 
slope of the Samoggia, above tin; entrance of the Lavino, through- 
out the whole sj)ace where there are no stones f)r gravels, being .53 
inches 5 lines per mile ; if the sines of the slopes are diminished 
simply in proportion to the quantity of increased water, the slope 
of the Samoggia, below the entrance of the Lavino, will be 40 
inches, and, according to the last taken levels, it was found to be 
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precisely 37^^ indies. Thus, although the bottom of the Samoggia 
is irregular, it appears that, in its reduced slopes, it nearly agrees 
with the preceding rule. The small dilference existing between 
the i^alculation and the observations may be readily attributed to 
the diminution of slope that necessarily takes jilace in the Samoggia, 
even whilst it remains solitary, when once it has passed the last 
limits of tlie gravels, which are about the confluence of the Lavino. 
The bottom of the Reno is more regular, and it carries nmre uniform 
substances, both above and below the entrance of the Samoggia. 
The volume of the Reno alone is, to that of the Reno increased 
by the Samoggia, about as 7 5. If you dirninislutlie sines of the 

slopes in the aforesaid proportion, and if the slo|)e above the 
entrance of the Samoggia w'ere 25 inches, this slope would be 
below the entrance I 77 - inches ; and if you reckon the slo|)e at 26‘ 
inches 2 lines, it wojild be 18|^ inches. Now, the slope of the Reno, 
a little below the confluence of llie Samoggia, is I 7 ®- inches, and 
in all the lower sjiace, as far as the breaches, its reduced slo]>e is 
18^i- inches. 

Thus, observations agree with the rule, as far as can be expected 
in matters of this sort. It is a mere fact : and tlie fact may throw 
light sufficient to enable us to conjecture what Avouid happen 
in case the Savena, the Idice, and the other inferior torrents, were 
to he united to the Reno ; and how Nature woultl operate in 
other cases, and under similar circumstances. One may venture, 
then, to assert, that the bottom of the recipient ivill be equally 
established above and below its junction tuith a tributary, if the sines 
of the slopes arc reciprocally in proportion to the quantities qf ' water. 
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OF THE SLOPES IN THE LAST THUNKS OF RIVEUS. 

Nature, as if i« sj)ortive mood, exhibits a singular phenomenon 
in the lower trunks of rivers, when tliey are about to discharge 
tliemselves into the sea by spreading their waters over its surface. 
At a considerable distance from their mouths, they estal)lish tliem- 
selves on a bottom of a very small declivity; but, much nearer 
the mouth, the bottom ^vhi(.h had bent downwards, again rises, 
and thus forms a deep concavity. 

The celebrated .M. de la Condamine, in the Account which he 
has givtm us of his Voyage, reports, that, in the great river of 
the Amazons, the f owing and chbing of the ocean were ohservahle at a 
greater distance than two hundred leagues Jroni the mouth of the 
river ; which is as much as to say, that in all tliat space tlie l)ottom 
of the river is lower than a horizontal line drawn IVom the surface 
of the sea at low water. I have also observed, in the Thames, that 
the flood tide is discernible as far as ten miles above Loudon. The 
same thing happens in the Mtnise, and in other rivers where tlie 
tides run far up. It is at Lagoscuro that the 1)ottoin of the Great 
Po is lirst perceived to be lower than it is at its moutli. The level 
of the surface of the Mediterranean, when it is lowest, meets the 
bottom of tlie Tiber at the distance of fourteen miles from its mouth ; 
and, in this last space, this same lied is seven feet lower than at the 
mouth. Although the Lamone carries but a small stream, and has 
great shoals in its upper districts ; yet, in the last mile, it is con- 
siderably sunk below the depth at its mouth. The bottom of the 
river Savio, for the space of the two last miles, is below the horizontal 
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line drawn from the surface of the sea at low water, and then rises 
towards its mouth, at which it is not above three feet in depth. The 
same j)henomena, in a projiortionate degree, are observed at the 
mouths of the Adige, of the Arno, and of the Ronco united with 
the Montone. The bottom of the Primaro, at the distance of 
about sixteen miles from its mouth, at the jilace called Longustrino, 
is nearly eight inches below the level of low water mark in the 
Adriatic, and about four feet above the depth at its mouth. For 
the space of three miles and a half from Longastrino to beyond 
the entrance of the Santerno, the slope of the bed of the Primaro is 
about seven iuclies per mile, and for the next miles, at the rate 
of lour inches, even in the vicinity of tlie entrance of the Senio. 
Below that entrance, the bottom of the Primaro is beneath the 
horizontal line drawn from the lowt'st point of the mouth, and 
forms a concavity, which, reduced, may be rei koned at two or three 
fc(!t, 

Guglielmini, in the Fourth Proposition of his Ninth Chapter, has 
been the first to observe, that in those parts where the floods and 
ebbs are very great, tlie water of the sea, which, during the 
flood enters into the bed of the rivers, returning l)ack with the ebb, 
hel[)s to clean out Ihe bed, and to sweep away the deposites. H(^ has 
repeated this doctrine rin other Writings, wiiere he lias said, that 
(to long m rivers could, of ihemsclvcs, keep their luoulhs open on a fiat 
shore, the regurgitations of the tidef^vould prevent any shoals from 
forming in the trunk lying above the mouth. M. Gabriel Manlredi, 
the worthy brother of Eustace, himself a great Algebraist, and well 
versed in all that concerns the management of riv ers, both in theory 
and practice, has oliserved, that this is precisely the case with the 
Primaro, which, even after the introduction of all the turbid contents 
of the Idice, has kept its mouth about four feet and a lialf, at low 
water, below the level of the sea, as it was in the end of the last 
century: and then, comparing together the observations, which had 
been made from the end of the last century to the middle of the 
present, he has found, that the bottom of the*Primaro has under- 



Chap. VI. 


OF THE SLOPES IN THE LAST TRUNKS OF RII’ERS. 


89 


gone no material alteration, from the entrance of the Santerno to 
the sea; and, arguing from past experience to what might be expected 
hereafter, he has proved, that the flux and reflux of the sea, and 
the fall of three feet, which the bottom of the Primaro has at its 
mouth, above the depth of the mouth itself, are sufficient to 
prevent au}^ appositions, so fixed as to obstruct it, from being formed 
in all the lower space. Finally, he has ex])lained the ideas of 
Guglieh iniiii, and has reduced them to the following principles, 
which are very plain : that the constant submersion of the whole 
bottom, below the level of f.he lowest ebb, which arises from the 
invariability of the river’s mouth, must preserve the dcj)osited 
matters always detached and saturated with water ; that the current 
of the flood tides must keep them raised from tbe bottom ; and t hat 
this current, setting against the stream of the river, must raise its 
surface two or three feet more than the ebb tides retjuire ; and thus' 
the current of the ebb, being much stronger than that of I he flood, 
must always contribute to inc;rease lhi‘ agitation of the partic les of 
the w'aler, to keep incorporated with it tiu; sediments which alone 
reach the mouth, and to prevent their settling, and thereby raising 
the bi'd. It is certain, that, although the two enrrents may not be 
very violent, and the dilFcrence of their motions may not be very 
great, they cannot but contribute in some degree to preserve the 
sai\ds, &(•, in a state of suspension, in the same manner as any 
increase of motion in the water that had imbibed them woidd do. 

On this particular subject, I added, in the first ( dition of this 
Treatise, another important reflec tion. The tiu'ory of rivers flowing 
through sluices may, in a certain dc^gree, be applied to the mouths 
of rivers, whi(‘lj being, at the height of their floods, raised several feet 
above the level of the sea, s))read fhemselvc's freely over it. The 
freeness of the course; and of the outlet, ought to gi^’e increased velo- 
city to the stream, and the greater acceleration should necessarily 
occasion the lowering and excavation of the bottom tlirough the 
whole of the upper sjjace, as happens abov e the openings of sluices. 
Neither the cause, nor the effect, of this increased velocity can be 
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doubted, beeause the surface of rivers, wliich in tiie more distant 
parts Homs jjaiallel, or nearly so, with the bottom, inclines down- 
w’ards and apnroacfies nearer to the bottom iti the vicinity of their 
mouths. This striking phenomenon has already been ol)served 
and noticed by Father Castelli, in his 14th Corollary on Running 
Waters. Itv the Primaro, the greatest inelinalion of the surface is 
perceptible to the distance of three miles and a half from its mouth. 
So that, in a])plying to the lower trunks of rivers the general the- 
ories of dams, as w-c have explained them in the Third Chapter of 
the First Book, and beginning to draw the slopes from the place 
where the augmentation of the velocity, which arises from the 
freeness of the fall, begins to be insensibh', I evinced, that the 
line of the bottom of the Primaro, even in the case of the union 
of all the waters of the Bolognese, ought to commence at the dis- 
tance of about thre(‘ miles and a half from its month. 1 did not 
deem it re(|uisite to begin the slopes higher up, because in the 
three follovving mikis, in ascaaidiug the Primaro, till near .St. Albert, 
the high surface of the water Hows visibly paiallel to the l)ottom 
of the river. And as tlie last concavity, by means of wliich tlie 
bed comes to lie lower than the horizontal line drawn from the 
bottom of the mouth, extends to the vit:inity of the Seuio, and 
occupies a spaci' of eight miles, J was of opinion, that this con- 
cavity ought to be attrilmted partly to the acceleration of the 
stream, and partly to the action of the Hux and reHux of the tides, 
which are very sensibly felt at this place. 

l^aislace Zanolti, the celebrated Professor of Astronomy in the 
University ot Bologna, in his excellent Dissertation on the Disposi- 
tion ot the Bc'd of Rivers near their Entraiu'c into llm Sea, is of 
opinion that the Primaro, in its actual state, having in many parts 
no embankments, and not receiving all the impulse w hich the body 
of the united waters would rerpiire, could not serve as a rule for 
what might be expected to ha[)pen when all the waters were united 
in it, and retained within emliankments. Then, on examining the 
instances of those riv^ers that are better regulated, and considering 
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attentively the very correct profiles which we possess of the Po, and 
of the Tiber, he ct)nclu(les, that, in these rivers, the acceleration ol 
the waters, occasioned by the ficcness of the outlet, extended np the 
river to a considerable distance, and reached to tlie spot which would 
be struck by a horizontal liiu^ drawn from low water mark. Finally, 
on com[)aring these observations together more in detail, he dis- 
covered, that the reduced slope of the surface, in the highest floods, 
reckoning fiom the jioint, to which lluj surface of the sea at low 
water reaches, to the mouth, was ecjual to tlie reduced sloj)e ol the 
bottom, or of the lower su|)erficies of the river, beginning trom the 
same })oint, and proceeding in tin; opposite dire(.:tion. 11 lliis rule 
must likewise ojjcrate in the Piimaro, in case the wjitevs were all 
unitetl in it, and if the slo[)e of the surface, reckoning down the river 
from the point that w'ould l)e reached by a horizontal line drawn from 
the surface of the sea at low w^ater, ought to be e(jual to that of the 
bottom in ascenditig tin; river; su|)posing the sloj)e of the bottom to 
be one foot per mih“, and the height of tlie floods to be sixteen feet, 
tlu; length of the bed, which in tin's tuise would remain lielow the 
horizontal line (.Irawn from tlie surface of the sea at low watermark, 
would be sixteen miles, and t he space w here the regurgitation would 
be perceptible would lie nineteen miles, on the supposition that a. 
slope of ten inches per mile would suffice for the united waters of 
the Reno and the other inferior torrents. 

If one would certainly know' what will happen in futun*, inde- 
pendentlv of every sort of theory, it will be necessary for liim 
attentively to consirler tlu^ past. Tow'ards the end of the year 1749, 
they introduced into tiu; Benedictine ('anal, and into the Primaro, 
the waters bf the Idic e, enclosed between emliankmenls on every 
side, but very little assisted by the waters of the Reno, and of the 
Savena, w Inch spread themselves liy their breaches over the valleys 
higher up. Tlie sluice, which had been placed at the mouth of the 
Idirc, was soon carried away ; and the bottom of this torrent 
low'ered itself for the space often entire miles, as far as to the other 
sluice della Riccardina. This defiression was eight or nine feel at 
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the inoutli, aiul two at the sluice della lliccardiua, as the people of 
the country have assured ine ; and caused an enlargement of the 
bed, in some places, by a third, in others by a {burth, which inter- 
rupted the road for carriages upon the free-sides. All this mass of 
substanct^s, torn up from the bottom and the sides, and added to the 
slime and mud generally swept down by the Idice, must have com- 
posed a hotly of water far more turbid, and retpiiring a much greater 
slope than that on which one might estahlisli all the tmited waters 
of the liolognese, while carrying only their common setliments. 
We have, then, had a case evidently more unfavourable than any 
that can hereafter be exjjected to hajipen. l.,et us observe what 
were the consequences. After the introduction of the Idice, and 
all the accidents which vv'e have just now enumerated, tlie Benedic- 
tine Canal filled up, and the whole bottom of the Primaro was 
consideial)lv raised as far as Longastrino. From the Cluirdi of 
Longastrino, to the vicinity of the mouth of the Senio, the prestmt 
bottom of the Primaro has not sensibly altered since 1 ^ 39 , before 
the construction of the Benedictine Canal. In the two first miles 
below the same Church, no alteration has been observed, either 
from 1739 to from l/a/ to J/fil. In the next mile, as far 

as to the junction ot the Santerno, and for half a mile lower down, 
the bottom of the Primaro rose between 1739 and 1737 ; and it 
lowered itself nearly as much between 1757 and 1761, Rs is manifest 
from the profiles. In the three or three and a half miles that 
follow, as far as to the entrance of the Senio, the bottom fell from 
the year 1739 to 1757 j RirI raised itself again neaily as much 
from 1757 h) ]7fil* Thus, for more than twenty-two years, the 
bottom is found to be nearly in the ssime state as before, in the 
space of seven whole miles above the opening of the Senio into 
the Primaro. In the nine last miles from the Senio to the sea, 
the bottom is raised, below the mouth, but has sunk, a little lower 
down, and then, at anotiier place still lower dow n, it has risen 
from 1739 to 1757 ; so tlnit, taking the elevations with the e.xcava- 
tions, it cannot be said, that the bottom has in all this time under- 
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gone any considerable change. From I'JB'J to l/dl, certain moderate 
floods had occasioned some uniform heightening of the bottom, 
but these having been succeeded by a violent fresh, in November 
1762, on measuring anew the sections of the Po, at the same spots, 
it was discovered, that the whole bottom beyond the entrance of 
the Senio was considerably lowered. 

The inference from these facts affords us sufficient light to pro- 
gnosticate, on good grounds, what may be expected to hap[)en, if all 
the torrents of the Bolognese and of Low Homagna. should be 
united with the Primaro, jiiovideil tlie necessary |)recautions were 
taken to prevent their sw^eeping suddenly, from the bottom and 
banks of their owai beds, into the common channel, a ([uantily of 
substances, greater than they usually sweep in the time of floods. 
In the first place, if, since 16.93, wluai ihe first survey was made 
at the visit of the Cardinals d’ Adda and Barberini, to the jiresent 
period, the depth of the mouth has not been diminislu d ; it cannot 
reasonably be a[)prehended, that all llu; wattas, vvIumi reunited in 
the Primaro, would not for the future preserve their course into thc 
.sea equally free. Sc'condly, if by the acceleration of the w aters at 
the mouth, and by the action of the flood and ebb tides, the con- 
cavity, which extends from this very mouth upwarils as far as to the 
Senio, and through which the bottom risers, as it goes on towards the 
sea, has preserved itself ev(*r since tlu; introdnetion of the Jdice 
into the Primaro; there will be still less reason to fear the fiu'in- 
ation of any permanent and sensible apposifions, if a hotly 
of water much greater, and comparativt'ly less turbid, than that 
which now flows therein, were to be united with the Primaro. Thus, 
if the slope of four inches [)er mile, which the bottom has from the 
Senio to the Santerno, and of seven inches, from the month of the 
Santerno as tiw as to Bongastrino, with the depth of tlu; bollom at 
that place, at least eight inches lielow the low water mark at 
the sea, joined to the action ol the flow and ebb of the tides 
which are jierceptible there, have maintained, until now', all the 
physical invariability that a river can possibly have ; there is room 



94 OF THE SLOPES IN THE LAST TRUNKS OF RIVERS. Book II. 

to believe, that the sediments may be still more easily detached 
from the hottom, when, to the force of the same returning waters, 
and to the same depth, as well as same sh)pe of Ihe bottom, there 
shall be snperaddcil a considerable body of water, and the acceleration 
arising from the free opening into the sea shall extend, perhaps, far 
beyond its common and present limits. On the strength of these 
supjjositions, there is reason to believe, that, in uniting all the waters, 
and legulating tliein in the Primaro, no slope of the bottom from 
the Senio to the sea wo\dd be requisite ; and that, in returning back- 
wards from the Senio to the Santerno, the slope of four inches per 
mile would be sufficient, as well as that of eight inches from the 
Santerno to Longastrino. From JLongastrino upwards, as the flood 
and ebb of the sea, and the acceleration of the stream, are no longer 
perceptible, one must begin to fix the slopes according to what 
the volume of the whole liver, and the minuteness, greater or less, 
of its sediments, may require. 
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Taking the flow of the Reno, ;iiul of flu* ollu*r inferior lorrcnfs, as 
it was given towards tlie end of the Second Chapter of this Rook, 
and su[)[)Osing, that the slo|)e of f he Reno alone, which is 14 ^ inches 
per mile, ought, in consequence of its union with these torrents, to 
be dimituslied tu^arly in j)ropoition to the increased (juantity of its 
waters ; the slopes of tlie Reno would he, aftt.r its junction with 
the Navigalile Canal, and with the Savena, 12;] iiu“lu*s ; after the 
confluence of tlui Idice, 1 l^v inches ; and only hf inches, wlu n tlie 
addition of the Cenlonara, the Quaderna, and the Sillaro, lias been 
effected : as apjiears from tlu^ Table annexi d to this (Jhapter. The 
only objection that might be made against this diminution of the 
slopes, which is jiriiu^ipally founded on the instanci* which has lieen 
observed at the confluence of the Samoggia and the Reno, would 
be, that as the floods of the Samoggia, and of the Reno, of ten come 
down at the same lime, and the floods of the inferior torrents very 
seldom occur at the same period as those of tlie Reno, one ciinnot, 
from what has taken [ilace in the Reno and the Samoggia, i sUdilish 
a certain rule whereby to fix the diminution of the slojies. Rut, in 
the first place, the floods of the Sai’ena, and of the* other inferior 
torrents, will precede those of the Reno by a much shorlei' period, 
if the waters of that river were no longc*r to spread t liemsi'lves over 
the valleys, but were to flow in one nnited channel from the breaches 
into tlie Renedictine (’anal, Si'cxmdly, it is proper to lemark, that 
all the torrents of the Rolognese derive their origin from situations 
not greatly distant from each other ; and, that there is no great dif- 
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ference in tlieir courses. Hence, allowing, that their freshes are 
principally occasioned by general causes, such as rains and melted 
snows, it is not possible, that the Reno, when Hooded, shoultl meet 
these torrents entirely empty. These facts once established, and 
admitting, that the Reno, in its floods, contains 140 parts; the 
Savena, together with the; Navigable Canal, 22 parts ; the Idice, i?4 
jjarts ; and the other inl'erior torrents, 2.5 parts ; we arc not so daring 
as to form a disadvantageous hypothesis, while we suppose, that, the 
floods not occurring at the same time in all, the Savena will adtl to 
the Reno only 10 jiarts, the Idice 12 parts, and the other inferior 
torrents 15 parts. On this hy[)othesis, the (alls would be, to the 
Savena, 13^ inches ; to the Idice, 12f inches ; and 11| inches, to the 
confluence of tlie other torrents. Lastly, supjiosing the greater floods 
entirely out of the (piestion, and that the medium floods, ora quite 
tlifferent state of the Reno, were alone considered, and that, for ex- 
ample, the Reno were allowed to contain only /() parts, the Savena 
5, the Idice 6, and inferior torrents 7 or 8 ; the proportion of the 
quantities of water, and of the .sines of tlie slopes, would be always 
the same, according to what we said above : nanu'ly, that if the 
recipient, when alone, establishes itself on a given slo])e, both when 
its waters are low, and when they are high, and when they are in 
their medium state, it w ill, after the junction of other streams, require 
a less slope to ketq) tin; incorporated sedinu’uts at all times sus- 
pended, and to detach the dt'posites from the bottom. 

However, to take into the account not only the increase of the 
waters, b\it also the attenuation of the sediments, it is to be observed, 
that the Reno, at the breach Panfilia, floats down largta* sands than 
either the Sa\ ena or the Idice can naturally convey to their o|)enings 
into the Bene<lietine Can;d. Yet, if the Reno were confined and 
retained betwet'n embankments, and should flow on to meet the 
Savena in that Canal, it is c;ertaiii, according to what has been stated, 
that, after ekw en miles of distance, the sands must be consitlerably 
more attenuated, and become, at least, nearly similar to those of the 
Savena, and of the Idice. It is true, that, after the ruin of the sluice 
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of tho Idice, this river iloated, even into the Canal, some coarser sub- 
stances, and even some small gravels; but these substances liad 
been torn up from the bottom, anti brought tlown from the liigher 
parts of the river, in conseqnence of tht? tle])ression and eidargemtmt 
of the bed of tins torrent. Tlit; j>roof consists in this, tliat in the 
ancient bed of the Idice, near to the Benedictine Canal, and in the 
last trunk of tlte Savena, which is etpially abantloned at present, 
neithcir pebbles nor large sands are discovertal. Therel’ore, if the 
bottom of thcsti rivers is not still further dt'pressed, the Idice, tin* 
Savena, and the Reno, togcTher, will cf)nvey substances into the 
Canal, nearly in the same ipiantily, :ind of nearly the same (juality. 

This conceded : in tlu^ lirst j)lace, it cannot be doubted, that, if 
the Sainoggia, whose slojie is three feet per mile, in uniting 
itself with the Reno, diminishes the sloj)e of that river, arul from 
25 or 2() inches reduces it to 18, the wattn’s added by tlie Savena., 
the Idice, and the other torrents, winch are neitlier less co|)ious 
nor less turbid, must reduett the slo|)e of the commou bed, not 
only below three feet j)er mile, which is what is re(|uired by these 
tributaries in their own betls ; but even under that of 1 1 1 inches, 
M'hich the Reno itself has above the breach. It is certain, in the 
second place, that if the waters of tlie Reno (lowed in a unilt'd 
stream from thcl>reac;h to tlu'; CJanal, they would, alter a c(niisc of 
eleven miles, and before they reached the Savena, cease (o recjuire 
any slope that was not considerably less tlian 14 ,' inebes, in con- 
secpience of the attenuation of tlu' sands and the other substances; 
and, that, if the Reno, wIk'u it [)ursued its course to Vigarano, 
six or seven miles lower down than the actual breach, (low-c'd on 
a slopes of 12^' inches per mile, it would certainly not refphre a greater 
slope before it reached the Savena, regard being paid to tiu’ diminu- 
tion of the sediments. The same advantage w'ould exist througliout 
all the lower s]>ace ; so that 12 inches might sutlice after the con- 
liuence of the Savena; 11 inches, after that of the Idice ; and J) 
or 10 inches, to Bastia, wluae tlu^ matter brought down wordtl be 
still more attenuated, as well in the common bcii as in thos<! of 
the inferior torienls. 

o 
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Thus, to recapitulate all that has been said, let us suppose, that 
the Reno, its waters being reunited and retained between embank- 
ments, is to be conducted from the existing breach into the 
Benedictine Canal ; that the Savena and the Idice are to be joined 
to the Reno in that Canal ; and, that the Canal is to be continued 
in a direct line to Bastia, wlience the whole body of water, after 
having been increased by the three inferior torrents, is to go on to 
discharge itself into the sea through the jnesent bed of the Primaro. 
The example of what takes place, in tlic higher parts, to tlie Sa- 
moggia and the Reno — all the observations, made on other rivers, 
that can be collected — all the most [)lausible theories supplied by 
Hydraulics — every thing, in one word, tells ns, and assures us, that 
the bed of the Reno Ireing established, alrove the breaches, on a 
slope of 1-1^ inches j)er mile, 14 inches will suffice after ihe con- 
fluence of the Savena, 12 inches below the entrance ol the Idice, 
and 10, after the junction of the other torrents, to Bastia; and, that, in 
like manner, Irelosv Longastrino, to which the t ide extends, / inches 
will Ire sufficient as far as to the mouth of the Santerno, and 
4 indues from the Santerno to the Senio, whei'c the Iroltom begins 
to deepen below the depth of the opening into the sea, and at last 
goes on ascending. We have already shown evidently, that the 
declivities, which we have assignecl, will be greater than rvill be 
required to keep the bottom of the bed well cleansed out, and to 
prevetrt any deposites liom forming there. It remains now to show, 
that these slopes will also be sufficient to afford a free passage to 
the streams of the tribntari<*s, and to secure a c’crtain anti eflectual 
drainage for the inundations of the country. 1 will here enter will- 
ingly into the most minnte details, not only on account of the 
imporlanct^ of the case to which 1 wish to apply my doctrine, but 
also bet-ause it may happen, that the present exanijrle may serve 
as a rule in other similar cases. 

The bottom of the Primaro, near the Parish Church of Lonjias- 

O 

trino, is lower than the common horizontal line, to which the last 
levels were referred, by 1 foot 8 incljes and 3 lines. This sjjot is 
distant from the Bolognese Canal 3,295 perches and 7 feet, which. 
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with a fall at the rate ot 10 inches to a mile, wonkl give 5 feet 
5 inches 11 lines The bottom, then, of the Priniaro, at Bastia, 
towards the entrance ot the Bolognese (.knial, would be higher than 
the same horizont.d line by 3 feet 9 inches 8 liiK'S, which is very 
nearly the medinm height between that of the Primaro in 17>'>7 JJ-iitl 
1701 : consequently the ^aniolo, and tlu; other canals of Bastia, 
wall have, on the* new bottom, an easier and a more certain issue than 
they onct! had at that place; and, moreover, tlu; liottom of the 
Corre(diio, \v'hich, acc:ording to the levels above mentioned, is, at 
the distance ol three miles ami a half from Bastia, raised above 
the common horizontal 14 feet 1 1 inches 8 lines, will have, from 
the same [)lace, a lull of about 3 feet ])er mile on the Iiottom of 
the Primai’o. 

Tlu? Sillaro, at tlie spot wlu're it is cut by the Bine to whick the 
epithet lJj)j)er has been given, is above the common horizontal 
22 feet II inches 9 lines ; and the Quaderna, at I he intta’section of 
the saiiK! Line, is above this horizontal 23 Icet 9 inches. Now, the 
Sillaro, whc-rc it flows freely and embankc'd, recpiires a fall of two 
feet {)er mile ; and the Quaderna, afliM" its union with the Gaiana, 
requires 2| feet : therefoia', if you turmal olf the Sillaro alone to 
conduct it to Baslia, irorn the [)oint where, it is cut by tlie Upper 
Line, by causing it to flow for a courst' of ti\ e or siv miles, it would 
still be 11 feet above (he common horizontal, and J ii c't higher than 
the bottom of the Primaro. S<> also would il be w ith lh«; Quatkana, 
which might flow to and spread itsell ovaa’ the same bottom, although 

^ To ilhislnttc tlic caUiihiLion'' in 1 lii.s ( •luijifcv, ns well ns in some olliur purls oil ho Work, iho 
following table of the measiircs {•hielly employe tl by tlie Aiilitor is introduecfl. 

TABLE OF JiOLO(^Ni:SE LONO MEASITRE. 

Line.s. Inches. 

12 . 1. (a) Feet. 

1 11- = 12. = 1. (b) Ferehe.s. 

i,M0. 120, = 10. l.(e) Mile. 

720,000. = 6*0,000. = b,000. ~ oOO. ~ 1. (d) 

(a) ==: 1*2144 Kn^lbh. (b) - - 14*57 or very ijciTly, 1 4 Eugli-sh laches. 

(c) :a.-- J Z-J44 Ihs-iish fett, or 13 fcot Z inches nearly. (d) i‘ij HngUsh, or i mile and 264 yards. T. 

o2 
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it Aveve carried, witlioiit the least variation in the slope, thioiigh a 
tra('k ol eiglit inilt's, from the point where it cuts the line, to Bastia, 
passing close on the lower edge of the valley of Marniorta, where 
the soil has snllieient solidity to admit of its being enclosed and 
retained between eml)ankments. 

Seve ral other expedients might be |)roposed for these two toi rcnts. 
In tlie first place, as, at the distance of three miles from Bastia, the' 
bottom of the Quaderna would be higher than the common horizon- 
tal by II 7 L feet; and the bottom of the Sillaro, by nearly feet ; 
one might throw the Sillaro into the Quaderna, securing its mouth 
by a sluice, and afterwards conduct these torrents, united, into 
the Primaro, since, in consequence of this union, the Quatlerna 
would no longer recjuire so great a declivity throughout the lower 
space, and would there have a freer course. The (luarda and the 
Mcnata, which are conduits of water lying between these two tor- 
rents, are, at the distance of six miles from Bastia, higher by about 
15] feel than the common horizontal, and re([uirt^ a slope of about 
six inches per mile ; Avhence it follows, tliat, in the event of the union 
of the two torrt'iits, these two conduits might have, at the point of 
conihience, an opening of two or three feet into the common bed. 
Besides, in conducting tlie Sillaro to Bastia, one might unite the 
Centomira to the Quaderna, and conduct these two toiTents 
togetluw along the left of the valley of Marmorta, where they 
Avould meet all tlie other waters w hich had been united in tlie higher 
parts. 

In following tlu; course of the Primaro, and going directly from 
Bastia to the bend of the Benedictine Canal at Morgone, there are 
10 mik;s and 200 perches ; and thence to the entiunce of the Idice, 
3 miles more and 300 perches. If, in rectifying the Primaro, and 
conducting its new- b<‘d tlu ough the stilfest and firmest grounds in the 
valley of Marniorta, it s course were shortened three miles, as we shall 
point out in the ensuing ('haptiw, there w ould not remain, from Bastia 
to tlie Idice, niort^ than 11 miles, which, at the rate of 12 inches per 
mile, ivould give 11 feet; to which, if the 3 feet .9 inches and 8 lines. 
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by which the bed of the Primaro is niised above the common hori- 
zontal, Avere added, the total would be 14 feet 9 inches and 8 lines. 
But the actual bed of the Iclice, at its confluence Avith the Benedic- 
tine Canal, is higher than this very horizontal by 21 feet 8 incliesand 
8 lines. Therefore, to prevent the Idice from lowering itself .still 
further than it has already tlonc, it would be necessary to secure 
its entrance into the Canal by a sluice of seveji feet. 

The Centonara requires, in its own bed, a fall of about 3 feet per 
mile j and, at the point where it strikes tlie Upper Line, it is elevated 
above the common liorizontal 28 feet 7 inches 8 lines. As this 
torrent might est.'iblish itself on a bottom of a constantly and uni- 
formly decreasing declivity in the lower parts, it might be conducted 
by itself into the continuation of the Benedictine Canal, at the 
distance of about 7 miles from Bastia, and of 5} miles from the 
point of intersection. The conduit Corla, being higher than the 
common horizontal line by 35 feet, at the poini w here it is inter- 
sected by the Upper Line, would always hava; a free entrance into 
the Centonara. The Oriolio and the Vena or Vidoso (hit, which 
are conduits lying between the (Centonara anti tlu‘ Qnaderna, arc, at 
the point where they are cut by the line t.-alled the Mitldle Jjine, 
higher than the common horizontal by 11 ft;et ; as thty are only 
small runs, tluy tannot require any considerable, slope, and 
might therefore have a IVec issut* into tiu; proposed coiitinuation of 
the Benedictine Canal. 

Between the mouths of the. Xena and of tin* Idice, there are only 
541 perches, Avliieh, at the rate of 11 inches [ler miltr, would give 15 
inches 2 lines. From the Zena to the rivulet of Briighieres there 
are 374 perches 3 feet, and from this rivulet to the Savena 577 lierches 
7 feet, w hich would give 10 inches 7 lines, and IG inches two lines. 
The bottom, then, of the Benedictine (Janal, at the entrances of the 
Zena, of the livulet, and of the Savena, would be higher Ilian the 
common horizontal, respectively , by IG feet 10 lines, and IG feet 
11 inches 5 lines, and 18 feet 3 inches 7 lines. The opening in- 
tended for the Zena, when the Benedictine Canal was tirsi (;on- 



102 


ON THE DISTRIBUTION OF THE SLOPES OF RIVERS. 


Book 11. 


stmcted, and which could not be carried into effect on account of 
the filling up of that Canal, is higher than the common horizontal 
by 16 feet 5 inches and 10 lines. It follows from what has been said, 
that, as the falls which we have assigiietl are greater than those 
which Avoidd be required, and the outlet for the drains is cajiable 
of being secured againsf the overflow of the floods by means 
of a regulator, one might easily, in executing the project for the 
continuation of the Canal, give a free entrance to all the drainings, 
without being obliged to pass them under the bottom of the Idice 
by subterranean aqueducts, whit;h, however, one might also always 
open without difficulty. The mouth of the rivulet Brugghiate is 
elevated above the common horizontal by 20 feet 2 inches 5 lines ; 
so its opening would be more free and secuix*. The bottom of the 
Savona, at its entrance, is above the hoiizontal line by 21 feet 11 
inches; and at the pass of Teddo, at the distance of four miles and 
a half, it is higher than it is at the (‘utrance by nearly \'J feet; 
so that the Savcaia would flow with facility in its last Irunk on a 
slo[)e of three feet per mile, and would have at its mouth a fall 
of 3 ,1- feet. 

From the Savena to the Lorgana tliere are about 350 perches, 
which recpiire 9 or 10 inches of declivity. I’he bottom of the Lorgana 
is above the common horizontal 20 feet 4 inches ; conscquenlly, this 
very hottom Ivoukl remain higher than the bottom of the recipient by 
more than one foot. The Riolo would also have a free entrance, 
seeing that the bottom of its last channel is raised 4 feet I inch and 
2 lines above the actual bed of the Salarola, at the diNtance of fiv’e 
miles. It vvovdd Ive tlie same with the ISlav igable Canal, and the navi- 
gation would be secure to the Salarola, and to the pass of Segni. 
X<astly, the bottom of the Reno, at the bi’each of Panfilia, is 37 feet 
7 inches and 7 h»es higher than the common horizontal. By not 
reckoning the slojie of the Reno for the first mile above the breach, 
where its l)cd has lowered itself, the declivity for the other miles is 
at the rate of 14f inches, as has been stated, and as is proved by 
old levels very carefully taken by stagnant water. Although, there- 
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fore, the Reno were still to flow on the same slope to the Savena, a 
space of 10-^- miles, this elevation would always exceed that which 
is requisite, and the bottom of the Reno would lower itself some 
feet, if it were not kept up by a sluice. 

It follows, from all that has just now been said, that the slopes 
which we liave assigned woidd not only be fully adequate to pre- 
serve the bed vv’cll cleared from all deposites, but would also suffice 
to grant a free entrance to the inferior torrents, and to the drains of 
the country lying between them. 
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ON RIVERS THAT CARRY SANDS AND MUD, 


CHAP. I. 

ON THE OLD BEDS OF RIVERS. 

Tacitiis relates, in tlu; First Book of his Annals, that, wlien a pro- 
position to turn off all the riv'crs which flowed into the Tiber was 
iiiado in the Roman Senate, although the imjiortance of the object, 
and the necessity of a|)plying a remedy to the hnt too freijuent inun- 
dations of a City at that time the Capital of the World, appeared 
amply to justify tlie plan, yet, after tln;y had heard the reclamations 
of the Provinces interested in the measure, the opinion of Piso was 
adojited : who advised, that no alteration should be made, since every 
one might perceive, that Nature had hnmvn hoiv to provide for our 
wants much hetter than Art, in assigning to rivers those springs, 
courses, boundaries, and limits which were the most apposite. Fatlier 
Grandi, in his Dissertation on the Project of giving a New Course to 
the Era, begins with this example to demonstrate that the plan for 
repairing and strengthening the ancient bed of this torrent was 

p 
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preferable to the scheme of making a new one. He supports his 
opinion by two other examples from the celebrated Viviani, who, 
in making a new bed for the Sieve, had followed the limits of the 
ancient bed of the waters ; and hatl observed tlu; same caution with 
respect to the Bisenzio, Ibllowing the traces of tlie ancient bed, and 
straightening it only at one spot, where it formed a long and winding 
sinuosity. This method has generally been followed in similar cases. 

Cornelius Meyer, a celebrntc'd Dutch Engineer, in a mami- 
script Dissertation, now in my possession, on tlu; Method of pre- 
serving the City of Pisa from the Imintlations of the Arno, disap- 
pi'oves of all the proposals for changing the bed of the river, and 
restricts himself to a })roposilion for improving and aiding tlie month, 
raising and strengthening the side-works, correcting the deviations, 
and straightening the princij)al simiosities of the ol»i bed. 

M. Genete has I’ollowetl of late the same maxims in Holland, 
disapproving, as we liave before said, of all the new cuts and deflec- 
tions which had been devised, and ])roposingin their room to reunite 
all the waters of the Great Ilhine in the ancient branch of the Issel, 
which should be made straight, and brought to an uniforrn breadtlj ; 
thus seconding Nature, which unites and so conducts all waters to 
the sea. 

The sauu‘ j)assage from Tacitus is quoted by Gugiielmini as the 
conclusion of his advice to sulfer the Reno, and tlie other waters of 
tlie Bolognese, to flow' towards the Nor th, and into tin- tower; jiarts 
of thecourrtry, in prel'erence to forming a new' bed for them, towards 
the East, liy other higher Lines. He remarks, that in reflecting on the 
directions taken by the str’eams of Lornhar’dy and Romagna across 
the \alleys, and on the courses they hai c naturally chosen in flow'- 
ing through the plains, one perceives that all these courses are 
from the South tow arils the North : an evident indication, that it is 
the wish of Natur e to send them to an outlet which points to their 
North, and not to their East ; and that the attempt to turn all these 
rivers towards the East wouhl be to commit an act of violence 
against Nature, in itself attended with considerable risk, and, more- 
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over, very expeiisiv'c. In proof of his assertion, Guglielniini has 
adduced all tlic ancient and new levels ; from which it appears, that 
the plain ol the Bolognese does really slope towards the North and 
the lilast, but more towards the North than it does towards the East : 
and to give a ]>hysi{;al reason for this fact, he says, the Bolognese 
plains have been formed by the alluvions of rivers, and have thus 
followed the declivities of their beds, in sloping more towards the 
North than towards the East, and more towards th(‘ East and the 
sea than towards the \¥est, because the streams of the rivers which 
lay more Easterly, being nearer to their termination, could not elevate 
themselves so much as thost^ which lay more towards the West. From 
this he concludes, that tlic plains of the Bolognese, and of Romagna, 
are not, in their higher regions, adapted for admitting and retaining 
the rivers witlnn banks, in case they •should be turned Eastward ; 
because, to prodiu-e this etrect, it is necessary that the alluvions 
shovdd have bt!en formed while the waters were conducted straight 
to the sea, and not Avhilc they w(Te permitted to How, from the 
South to the North, towards the Ik) rli Brimaro. 

All these principles havx; been followa^d in tlu? celebrated Opinion 
of the Cardinals d’Adda and Barberini, which was drawn up 
under the eyes of Guglielmini and Viviani. As it was then decided 
to conduct the Reno into the fireat Po, they adopted the scheme of 
collecting into the Primaro all the other torrents and inferior drains: 
lor the valleys of the Bolognese, from the sedimojts that had been de- 
posited, were almost reduced to the state of simple low meadows ; 
aiul the torrents ot)ened up in tlumi, for themselves, such roads to 
their openings into the Primaro as they were permitted to do by the 
nature and situation of the ground ; so that it only remained to assist 
Nature, and by Art to second her endeavours to direct and regulate 
the course of the waters. But when, at the coramencernent of the 
present century, the hope of reconducting the Reno into the Great 
Po was given up, Guglielmini explained more folly the only plan that 
remained |>racticable : namely, to unite all the waters of the Reno, 
and of the other torrents and drains, in the Primaro. He pointed 
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out also the method that ought to be observed in tlie management of 
this work : winch was, first to make the Lamone enter the Primaro, 
and afterwards to begin and form the beds of the Senio, and of the 
Santerno, carel •uiiy observing what lights might be procured from 
the effects which th(?y produced, and so to proceed step by step to 
the other higher torrents. Wliat has been the consequence ? As 
they did not turn the Lamone from its actual bed, its bottoui, .since 
the days of Gugliehnini, has risen higher and higher ; so that very 
high embankments are required to retain its great freshes, and it 
frequently, by bursting its banks, occasions great damage to the 
neighbouring countries. On the other side, the good effects that 
were observed when the Senio and Santerno were conducted, well 
secured by embankinents, into the Primaro, confirm the opinion 
of Guglielmini, and are strong inducements to proceed to the forma- 
tion of beds for the torrents of Marmorta, for the Savena, and for 
the Reno. 

At present, on considering the profiles of the different Lines which ' 
have been proposed for the union of all the waters, and observing 
the bearings of the face of the (.‘ountry, the situation of the drains 
and the course of all the torrents, it is clearly evident that there is 
no other mode of proceeding. In the first place, the profiles of the 
upper Lines represent the whole surface as very wa^y, and as if 
dividetl into so many great shells, in the liigher ]>arls of which lie the 
betls of the torrents, and those of the drains in the lower. On the 
lower Line of the Primaro the waving is a gn^at deal less, liecause, 
the torrents carrying grosser .substances in the higher districts, 
their bottom becomes there more elevatetl, and the whole plane of 
the country more unequal, than they are in the lower parts. Hence 
arises a natural, and an insurmountable, obstacle in the way of all 
the upper Lines ; for, if it is desirecl, that the new bid should be low 
enough to receive the drains, it will be requisite to make consider- 
able excavations, and to force all the afiluent streams to fall over 
very high wears. On the other hand, if it were not thought 
eligible that the bed should be so low, it would not be sufficiently 
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enclosed in the bottom ot the shells above mentioned, and there 
would be no other resource for carrying off the drainings of the 
country but subterranean aqueducts. This dilHculty di.sappears in 
the Lower Line ot the Primaro, because (he declivities assigned in the 
last Chapter would be fully sufficient to afford a free issue to all the 
drainings, and the greatest sluice, that ^v'hich would be required at 
the mouth ot the Idice, would l)e only seven feet tleep : nor would 
there l)e the embarrassment of great excavations, either to carry off 
the alluvions ot the Idice, or to continue the Benedictine Canal to 
Bastia; which sufficiently shows, that this |)r<)ject is tfiat of Mature. 

As far ;is the actual course of the waters is concerned, it does not ap- 
pear that any other mode can be adopted. The waters of the Remj, 
Inirsting through the l)reach of Panfilia, flow principally towards 
the ditch of Passardo, which lies almost in the same direction with 
the brea<;h, the Common Navigation, and the Benedictine Canal. 
The higher valleys of the Reno have b('en for a cousiderabh* 
distance laised and imjjroved, and there is reason to expect, that 
ere long they will be entirely filled up, and tlial the Rtaio will reach 
the Benedictine Canal with all its ordinary sediments ; for as tlu^ 
Reno finds, from tlu; br(‘acfies to that canal, a more than suffi- 
cient slope for the discharge of its waters, it must gradually 
form itself a bed among its own alluvions ; and it cannot possibly 
fail to produce the sanu; cffi'ct throughout the canlinuation of 
the ditch ofPassardo. Thus the valleys of (ialliera, atui of J\>ggio, 
will in a short time be screeneil from the c‘xj)ansion of tin; flootls, 
and the Reno, then entering with its united waters, and its sands 
and sedinumts, into the valh'y of Malalbcrgo, and spreading 
itself over a very amj)le receiver, will, in the ta)virse of a few 
years, naturally fill it up, in tlu‘ same manner that several other 
lands in Tuscany anti Lombardy have been filled and raised, 'idiis 
is an operation already [rlanned and arranged by Nature : and if 
she is aided by the assistance of Art, in directing the coursci of the 
waters, and avoiding too great sinuosities, there would be, in lire 
end, only one single bed, continued regularly from the breach 
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Panfilia to the Benedictine Canal. But nothing could more efFectually 
contribute to the speedy melioration of the valleys, and to the 
com[)lete formation of a continued bed for the Reno, than the 
carrying of tliis very Canal to the highest ])oint of perfection. 

We liave already noticed the principal accidents, which happened 
during the execution of this work, and which have given occasion 
to so many expostulations on the part of the Provinces interested 
in the subject : namely, the deposites left by the depression of the 
Idice, and the breaches opened in the dike of the valley of Gan- 
dazolo. At present, that valley is so consolidated by the successive 
deposites of the Idice, which flows back upon it, that there would be 
no difficulty in crossing it by a straight (‘inbankment that should 
efFectually retain the whole body of the waters. The appositions left 
by the Idice might be removed, and the expense of excavation be 
spared, by employing the agency of Nature in the manner pointed 
out by Miclu'lini, and put succ;essfully in practice by Father Castelli, 
in the plain of Pisa, at the mouth of the l)c*ad River. This is done by 
digging in the bed, where the appositions are formed, either several 
ditches running parallel to each other, or one single cut, j)roportion- 
ably larger and dee])er, Ihrough which the Avaters may flow, and, in 
times of great floods, sweep away all that rt't|uires to l)e removed. 

I have seen this method practised with success in places where 
the fjdl Avas considerable, although the mattcT which had been left 
behind was very <;oarse, and in great f|uantity. The Serchio having 
some years back sprc'ad itself over the |)lain of Pisa, and filled its 
former bed Avilh sands and gravels ejuite up to the level of the 
country, its stream, by means of some defensive Avorks that were 
made in the nenv bed, and some small channels cut in the old one, 
was compelled to return vvithin its ancient limits ; all the substances 
deposited Avere carried into the sea, and the whole disorder was 
entirely rectified by one great fresh Avhich SAvc?pt all before it. Non% 
as it is evident, that if the; Benedictine Canal Avere carried on 
straight to Bastia, the fall a\ ould be considerable, it is thought, that 
it woedd not be necessary to remove by manual labour all the accu- 
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mulatioiis that have been formed in the bed, or to construct it on the 
slopes which might a|)pear suitable. But, the aggregatetl materials 
being once removed, either in the one way or in the other, and the 
cut being completetl, the Reno, the Savena, and the Idice, would 
have there a free ])assage, and all the intermediate drains of the 
country a sure outlet. 

As this Ccinal runs almost in the same direction with tlu“ trunk of 
the Primaro below Bastia, it appc'ais once more as a ]>lan [)ointed 
out by Nature, that the great aiul iri cgular sinuosities of the up|)er 
bed ol the Primaro sliould bt‘ avoidixl by continuing the (mt to 
Bastia, and leading into it tlie Cenlonara, theQuaderna, the Sillaro, 
and all the intervening drains. The valley, which takes its name 
from Marmorta, towards Rovera and the Canal of BtT;c;ara, where 
the prolongation t)f the cut mighi l)e eHected, presents a soil 
sullicienlly stable: and secure, sinc(' carriages ])ass freely, and it 
is in summer ('ntirely dried up, and dusty. Its bottom is fornu'd oi 
Hints anti very Hut; santls, as has bet;n ascertained l)y digging and 
searching with bt)rers. It has so much consisleney, that it retpn'res 
great force to thrust tlown a pointetl stick tnu' foot. These obser- 
vatit)ns were matle l)y a scienlilic man, and by some ttountrymen t)f 
great expt't icnce. Not a thjubt remains, therefore, that tlu' t'alley 
of Marmorta, altlumgh marshy in other places, may, in iht; naT- 
rowest part, anti at the jjlace above called Rovt'ra, Im“ (;xcavated, 
and that tlikes may be there st)litlly eslablisht;tl. The straight 
lines, l)y which the Benctlit;tine Canal might be carried across 
this valley, would ft)riu very obtuse angles with each other, and cut 
off exactly three miles of the coui se which tiu' waters actually run in 
the Primaro. Anti, lastly, the surface of the country is sulHciently 
raised to permit the bottom of the new betl to be encased in it some 
feet, and to give every reason to hope, that this part of the tvork 
would j)erfectly succeed. 

It is not to be expected, that we .shovddherc reply to all tlie various 
objections, whic;h have been started against this project in so many 
Writings, and which time and reflection have already removed from 
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the minds of several persons. We in this place, from a motive of 
pure esteeni, re{)ly only to what has been asserted in the 4th Article of 
the Second Part of a Report made by three learned men, who, having 
inspected the lands injured by the floods, and adopting nearly the 
same [)!an, have not thought it expedient to follow it in that part which 
relates to the prolongation of the Benedictine Cut. In the first place, 
as these learned gentlemen have laid a stress on the loose nature of 
the soil, we may be permitted to oppose to their simple assertion the 
authenticated experiments made with boring rods and sharp-pointed 
sticks. Secondly, we add, that the length and the irregularities of the 
Primaro, the obstructions caused by the sinuosities and deflec- 
tions that are encountered in proceeding from Morgone to Bastia, 
and the accumulations which have followed the introduction of the 
Idice, will always ex{)OS(i the lower portions of the Polesine of Saint- 
George to greater risks, than if, in following the principles laid down 
by Gugliehriini in the last Chaj)ter, the works had been readjusted, 
and the proper shortenings made. Thirdly, the three feet of fall 
that would be gained by going straight to Bastia are precisely what 
woidd be sufficient to secure an outlet for the drains, and to s\iper- 
sede all the suV)terraneous atpieducts proposed by these learned men, 
which, by their iniml)er, and the mtignitude of their dimensions, 
would jirove very expensive, and of which, moreover, the success 
would still be very doubtful. Finally, in consequence of the saving in 
regard to the aqueducts, the scheme of prolonging the Benedictine 
Ckit for the space of seven miles would not be more ex|)ensive, on the 
whole, than that of retaii\ing the Primaro between dikes for ten 
entire miles : and even granting that this ])lan would l)e a little 
more expensive, the disadvantage on the score of economy would 
be amply compensated by the physical security of the Polesine. 

Another advantage would arise from the proposed continuation 
of the Benedictine Canal, which is, that from the ampleness of the 
declivity, the clearing-out, of which the Cut at present stands in 
need, might in part be spared ; whereas it is very doubtftd whether 
this could be effected, if, when the .course was extended, the fall. 
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and thereby the velocity of the current, were at the same time to be 
diminished. The valley of Marmorta would be better secured by 
this plan ; because, on the left, the Primaro would then serve as a 
drain for the valley, and not, as is now the case, to lay it under 
water during floods ; and, on the right side, the three toirents that 
spread their waters freely over it at jiresent would, l)y means of 
the greater fall, be coiulucted more securely in the Primaro to Jlastia ; 
and from Bastia to the Sea, there is nothing to apprehend, provided 
the Primaro were made of an uniform breadth, and for the protection 
of Romagna, and of the valleys of Comacchio, the embankments 
on the right and left were strcmgthened and raised to the level of the 
highest floods. And as several rectifications have already lieen 
made in the last trunk of the Primaro, 1 have projiosed to make 
some others, and to lessen some tortuosities : which would not 
involve a heavy expenditure ; since, to attain the object, nothing 
would be required but to throw back the embankments for soiiu; 
short distances. 1 have particularly pointed out two rect ifications to 
be made in places where the windings of the bed are the greatest, 
and where the vallc'ys of Comacchio are the most endangered by the 
corrosions : the one at Mandrioles, and the other at J.<oiigastrin(). 
In this manner all the damage actually done might be repaired, and 
there would be, from the breach Panfilia and the Benedictine Canal 
1,0 the Sea, a river restrained within embankments,, and requiring 
ho other precautions to be taken than what are usually employed 
with respect to other rivers. 

The gcograj)hical advantages of the [)lan here laid down would 
be the defence and six urity of ail the Polesine of Saint-George, the 
melioration of the higher valleys of the Reno, and of the lower valleys 
of Marmorta, the ready draining of the lands lying betwetai the 
Savena and the Idice, and a free and well-rr-gulated course for all 
the waters. But these are not the greatest or the most valuabk; 
advantages to be derived. Tlie salubrity of the air, which would bt^ 
restored by drying up the vast marshy wastes now under water, is 
certainly not the least imporlant point to those to whom the estates 

Q 
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in question belong. At present, at Bastia, at Argenta, and in their 
neighbourhood, it is usual to see prevalent, in summer, long lasting 
fevers, the scurvy, swellings of the spleen, and other disorders 
seated in the lower intestines, and Commonly produced by the bad 
qualities of the water and the air. In some Papers which 1 have 
written on the filling up of ValdinieVole, and on the opening that 
was made in the forest of Faggianaia, in the vicinity of Pisa, I have 
explained how stagnant waters and marshes occasion the insalubrity 
of the atmosphere, and have assigned, as the two principal reasons, 
the animal and the vegetable putrefactions which they contain. 
M. Lancisi was the first who observed, that, in the vicinity of standing 
waters, there was always a prodigious quantity of very small insects. 
Having spread some cloths in some marshy places, against the direc- 
tion of the wind, he found them at the end of a week covered with 
cods, and very small eggs of lenticular, spherical, and oval forms. 
In the height of the summer these eggs are hatched by the heat of the 
sun, and are transformed into those small insects and butterflies, which 
are always seen about such places, and which dying there, and sink- 
ing, by their greater specific gravity, to the bottom, yield a fetid 
animal smell very pernicious to health. On the other hand, when 
the grasses of the mai'shes and the oth(‘r vegetables have putrified in 
the water, there is separateil from them a certain oily substance, 
which, being 4ighter, rises to the surfac'e, rendering it sometimes 
yellow, and emitting very noisome exhalations. 



( US ) 


CHAP. U. 

ON THE NEW BEUS 01’ BIVEUS. 

As we have already, towards the ericl of the First Book, sufficiently 
discussed the new union of the Reno, and all the other streams of 
the Bolognese, which was [)ro|)osed to be effected in the highest 
parts of the country, above the confluence of the Samoggia and 
the Lavino ; it will not be improper to mention, in this place, some 
other objections which have been repeatedly started against another 
proposal of a new bed, which was to commence a little beloiv the 
same confluence, and, in proceeding forwards, to take up and turn 
the Reno at a place called Malacajipa. This is so much the more to 
the purpose, as these objections, by being of a general natni e, may 
be applied to other similar cases. ' In the first place, it was stated, that 
the expense of this new bed, even by the estimates of the proposers 
themselves, could not possilily be less than three millions : a sum 
beyond the reach of all the funds of the three Jjegations, It was 
said, in the second place, that an enterprise of this character, in 
which the object was to form a new bed for so many waters, to 
turn the course of so many torrents, and to provide a recijiient for 
so many drainings, would, liy its complication, its difficulties, and 
its extent, have astonished the Romans even in the most flourish- 
ing periods of the Republic. Thirdly, it was asserted, that, the plan 
in question being to form a new bed of about thirty-eight miles in 
length, all History did not furnish an example from which any light 
might be obtained concerning the method and the order which 
ought to be followed in constnicling the works ; for if it was intended 
lo carry on, at the same time, the excavation of so many various trunks 
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of the bed, intemipted from affluent to affluent, it would be an im- 
practicable undertaking, or at le;ist exceedingly expensive, to draw off, 
or pump out, the rain waters, or those of springs : and that es{)ecial- 
ly in those parts of the excavation, which were necessarily several feel 
lower than the surface of the sea at low water. On the other hand, 
if they began the new bed, and advanced it gradually, by successively 
admitting the last tributaries, observing carefully what happened, 
it is certain, that in laying the new bottom on a slope suitable to 
the mass of the united waters, and commencing with the admission 
only of the lowest affluents, they would leave in the bed high and 
continual deposites. 

This second method of commencing the whole work at the lower 
extremity is the only one which can throw some faint light on so 
dark a subject, as Gnglielmini has expressly stated in bis last chapter. 
It (leserv’^es, therefore, a more particular (examination. Suppose, 
then, tliat the new bed is made between the Senio and the Sauterno, 
and that the sole remaining question is, to make a cut for the one, 
and for the other, to turn them from tlKnrju esent course, and throw 
them into tlu^ new channel. No one can foresee, as writes Eustace 
Manfredi in his Reply to Corradi, what extraordinary effects might be 
j)roduced b}" two rivers falling perpendicularly on the new bed from 
the much more elevated bottoms, on wliich they How, sustained by 
sluices placed iit their mouths. It might easily hajipen, that, at the 
bottom of tliese mouths, there might be formed two deep pools, 
which would extend themselves to the foot of one, or |)ossil)ly of 
both, of the embankments, and undermine and overturn them. 
The apprehensions of whirlpools and det'p chasms would be still 
greater at the mouths of the Idice and of the Savena, which, 
according to the ju’ofiles, would fall from a height of nearly fifteen 
feet ; and then, as the Idice, for example, or the Santerno alone, 
requires a much greater fall than would be nect;ssary for the united 
body of the waters, and the completion of their union cannot be 
regarded as an undertaking of speedy execution, it is certain that the 
last affluents alone, without the addition of the Reno, which is nearly 
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equal to all the rest together, would form continual accumulations 
in the new bed, and destroy the whole work as fast as it advanced. 
One may judge of what is likely to happen, if the Santerno were to 
flow, during several years, on a lower level, unaided by tlie influence 
of the higher waters, from what occurred when the Lamone was 
turned from the Primaro. The evils would be still greater in the 
more elevated districts, where the Quaderna, the Centonara, and 
the Idice, bring down grosser substances, and where the Idice must 
flow for some years on a fall of twenty inches per mile, whilst, in its 
own proper bed, it requires a tieclivity of more than three feet. 
There could be no reason to expect, that, in the end, on the intro- 
duction of the Reno, it would excavate afresh the bed, which by 
that time w'ould have been filled up, ami settle its own bottom on 
the declivity best adapted to its stream. For, in the first place, it 
<;ould never make tleep corrosions in the bottom without endiiuger- 
ing the sides and the embankimails ; and, further, flic s]oj)e, w hich 
would suflice to enable the united W'aters to sustain tlieir ordinary 
sediments, w'oidd never be suflicieiit to sweep oil’ the substances 
deposited and heaj)t;d nj) l)y the tributary streams. 

Not evt'U the shadow ol' any of these diflieulties wovdd be met 
with in executing the project which has been proposed in the pre- 
ceding Chapter. The? Senio and the Santerno have at present a free 
entranct; itito the Primaro. The Quadertia, winch now spreads over 
the valleys before it reaches the Primaro, has a fall suflicieul for 
forming a bed to unite it w'ith tln^ olluT waittu's at Bastia. If 
it were re(pnred to introduce the Sillaro into the Quaderna, it 
would fall into it from a height of five or six feet, and finding in 
the common bed a greater slope than it had in its own, it woukl 
there have a free and certain flow. It would be necessary to turn 
the Idice, the Savena, and the Reno together, from the sinuous 
ti unk of the Primaro, to convey them, in the proposed corjlinuation 
of the Benedictine Canal, to Bastia ; anti whilst this w'ork was in 
hand, tlie inferior torrents would continue to flow l)y the ordinary 
im})ulse of the other higher waters. The valley of Marmorta, which 
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must be crossed by tliis canal, is certainly not worse in quality 
than the valleys of JBouacqiiivSto and Medici na, which would be 
crossed by the Line of Malacappa ; and if, on the adoption of 
the first scheme, any breach should take place, either in the right 
or in the left embankment, the worst that could happen would 
be, tluil the waters would continue to spread in the valleys that 
arc already itiundated. Tlie present embankment of the Primaro 
would always serve as a counterbank to secure the Polesinc of Saint- 
George. But, tijjon the second s(;heitie, if any accident should 
happen towards the forest of Mnlvezzi, which would be the most 
critical point in the whoh* Line, and the spot where the new bed 
would be tiu? least sunk in the earth, and where the fall would be 
very moderate, the best cultivated lands in the Bolognese would 
be in continual danger; because, in the new state of things, if a new 
breach should l)e made, the waters would be enclosed betwecnx the 
banks of the tributaries and those of the recipient, witho\it there 
being any possibility of saying either in what time or in what manner 
this damage could be repaired, or what would be the expense requi- 
site to efi’ect the rej)aration. Manfredi was right, therefore, in 
asserting, that, in all schemes of this descri[>lion, unless the im- 
possibility of a breach is demonstrated, the remedy j)roposed is 
worse llian the existing evil. 

But the most essential difference Ixetween the two plans — the one 
tor repairing and straightening the old channels, the other for |)re- 
paring a new bed for the waters — consists in the different proj)erlies 
of the sul)stances that would !)e brought down by tlie floods in 
both cases. Tl»e difftTont surveys, and the observations whicli have 
been made by persons of the greatest ability, have finally establislied, 
in the best authenticated manner, two facts ; first, that, l)y the plan 
for a new bed on higher land, the Reno, the Savena, the Idice, the 
Centonara, and the Quaderna, would be cut, by the proposed Line, 
above the last limits of tlieir gravels : secondly, that the Idice and 
the Centonara at present carry gravels and coarse sands for two or 
three miles below' the point where they would be cut by the Line, 
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whilst, in the Savena and the Reno, onfy very fine sands would de- 
scend so far. This is precisely the case which Guglielmini has ex* 
ainined in his last Chapter, where he treats of tributaries which bring 
coarser substances than are brought by the main river to the point of 
their junction. He demands two conditions to ensure to such a union 
a favourable issue : a superabundant fall, and a considerable elevation 
in the general level of the country: conditions not to be obtained 
upon the plan of the Upper Line; for if it is kept below the forest of 
Malveezi, the bottom of the new bed would be higher than the sur- 
face of the country, and the drainings could not possibly enter it, as is 
clearly shown by the profiles. If, on the other hand, the Line were 
run above this fort‘st, the bottom would hanlly lie sunk within the 
earth, and it would meet the Qnaderna two miles above the last 
limit of its gravels. When these two very rare conditions, an e.xces- 
sive fall and considerably elevated groninl, are w'anling, Guglit;lmini 
lays it down a.s a general rule, in the Ninth Cliapler, that no river 
carrying gravels sliould at any lime lie made U) enter another river 
of which the bed show^s only sands or slime; that the line ol such 
tributari(‘S as bear gravels [iretty nearly to their months ought never 
to be shortened ; and that, on the contrary, it is more arlvantageons 
to carry tlie ojiening of the affluent lower down, and to prolong 
its course by windings, so as that room may be ;ifl’orded (or its de- 
positing all its gravels before it is introduced into tl.e other river. 
This great Master on river subjects has also informed us, tliat the 
Great Po itself, although jihonnding in water, hatl never oct npied 
a fixed bed, till, after liaving ceased to flow over a gravelly bottom, 
it no longer received from any of its tributaries any other matters 
tlian sands. 

All that w^ls said, at the beginning, on the nature of gravels and 
sands, forms an unanswerable and a decisive objection against Ibis 
project, as w'ell as against that tlescrihed towards tlie cm! of the 
First Book. The Reno ami the four other torrents convey at present 
a considerable <|naijtity of gravels beyond the track of the Upper 
Line. The t|uantity of gravel that would accvimulate in the proposed 
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new 1)0(1 would be still greater, because the streams of the affluents, 
falling into it from sluices of ten or fifteen feet, and even more, must 
be greatly acc'clerated both above and below their entrances, and con- 
sequently tc'ar up from their bottoms a great (juautity of substances. 
The abundance of the gravels would be further augmented, if tlie 
slnices placed at the mouths of tlie tributaries should be gradually 
lowered, that the bottoms of the triljutaries might finally expand 
u|)on that of the receiver ; io say nothing of the case in which some 
sluice might be blown up in the lime of a high flood, and conse- 
quently carry desolation through the country. In this state of things 
there vvoidd be no room to hoj)e, that the impetuosity of tht; floods 
would merelv reverse the bottom of tiu' whohi river, in excavating it 
to a considerable depth ; and, that, in such an inversion, the weightiest 
matters must settle in the lowest parts, leaving those al)ove them, 
which, as l)eing lightei’, might be (easily (-arried away l)y tiu* stream. 
This might sometinu's l)aj)|)en, if the l)ottoms were com|)osed of 
detached moveable substances ; and it is in this view that Viviaui 
has ol)served, that the largest masses of gravels, when atlackc'd w ith 
great inqx'tnosil y by the current, in floods, are subject to very con- 
siderable changes, |)assing from right to left, and from the surface to 
the bottom, lint the l)ottom of the new riv er, being composed of fl esh 
and tenacious earth, can never be perceptilvly subvc'i ted by th(‘ im- 
petuosity of the waters, which, in high floods, will flow over it in 
])arall(‘l directions. Therefore, as there is no longer any reason 
to exjiect, that, either l)y means of their collision or reciprocal 
friction, the gravels will be finally dissolved, or even sensibly 
diminished in number or in size, they will remain heaped up, on the 
new bottom, in |)roporti()n as they are brought down by the Iribu- 
taries, and will continually raise it, to t he great obstruction of the 
drains of the country, and to the constantly increasing risk 'of the 
embankments. 

In line, there would not remain ewm I lie hope, that, by means of 
a great fall, the coarse sands, which wonhl be thrown into the new 
l)ed 1 )y the tributaries, miglit be more readily triturated and 
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detached from the bottom. One may venture to assert, on the 
contrary, and in general as far as regartls th<? fall, that although the 
Upper Line commences from a more elevated point, it would never- 
theless possess no sort of advantage ox er tlu; Lower Line of tlie 
Primaro. The bottom of the Reno, at Malaca])pa, is certainly 
.59 feet 2 inches above the common horizontal ol' the last taken 
levels, and, at the br(;ach PanHlia, 3/ teet 7 inches / lines ; and 
hence it has been concluded, Ihougii very erix)neously, that the 
gain in the hdl woidd be, by the LJ{)|)er Line, al)ove 21 feet. 

In the first place, it ought to lie o!)served, that the liottom of the 
Samoggia, at the dislaiux; of two miles and a half Crom the Reno, at 
the spot where, it would be necessary to turn its present course, is 
higher than this same horizontal by (>0 feet 8 lines. Now, as the 
reduced declivity ol‘ the Samoggia, from the entrance of the 
Lavino to its [iresent opening into the Reno, is alxxit 3 feet jier 
mile, it would re<jnire a total lall of 7 h‘et and a half to reach the 
Reno at Malacappa ; consetjuently the new Imttoin, at tins place, 
would not be more than 52 feet (> inches 8 lines above the 
liorizontal ; and all the adx antage in jioint of lidl would be reduced 
to about 15 feet. 

It is to be observed, in the second jilacc, tliat the slope of 
the Reno, from Malacajipa to Buono-Convento, is at the rate ol -13“ 
inches per mile ; that, in tlie higher space Iroiu IVIalacappa to 
Trebbo, the reduced slope is ;it tlie rate ol 28 ', inches ; and that, in 
the Iowan- space, as far as to the entrance of tiu; .Samoggia, the slope 
is 25 inches, which is afterwards lessened by bc-low the mouth, and 
decreases at last to 14;; inclies near the l)reaches. The moutli of 
the Samoggia is almost as iar distant from Malacappa, as tlu> mouth 
of the Savena would be in the new line ; therefore, if the Samoggia 
were made to enter the Reno, at Malacajipa, and by this union the 
fall of the Reno w ere lessened f, there wniuld remain either ,‘{1 inches, 
or full 20, a(*corfling as the one or the other ot tlu-se two |>ret;eding 
falls vvas adopted ; and, if a medium w ere taken, tiun-e would not be 
much less than 24 inches p<T mile. (.)n the other hand, the Reno 
having 18 inches below the present moutli of the Samoggia, one 
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cannot doubt but that the jail ought to be greater below the- opening 
pro])Osc‘d lor the Sainoggia at Malaeappa, where this river would 
bring down its coarser sands, and where the Reno would not have 
entircl} al)andoiK d its gravels. Thus, in the Ujiper Line, the fleriva- 
tion woukl in truth eoininence from a more elevated point, but one 
at which the wati'i’s would require a fall very consideral)ly greater 
thaii at the breach FauHlia. 

M. Jaiiit s MariscoUi, the celebrated Professor of Matliematics, 
and bt!j)criuleudcut of tlu; waters ol the Bolognese, having viay well 
explained, in sev'eral of his learned Writings, the iusutticiency of the 
fall, the h'ligthening of the* line, and the oilier incoin eniences that 
must be encountered in this thorny jirojci t, wti will only add that 
whicli results from the preceding priuci[)les. According to what 
has been said, the 24 inches fall of the ►Sainoggia ami the Reno at 
Malacapjia might lie reduced to 20 inches after tlu; conllrn'iice of 
the Saveiia, and to 17 indies after the junction of tlie Idice, on the 
supposition that their rtootls arrived simnltaneonsly, and that allow- 
ance \v(*re made for the different ijuality of tlie substances which they 
carry <lovvn. But tlie Idicc, the Centonara, and the Quadcnia, would 
carry into ilic new lied gravi'ls and sands mneb coarser than those 
whieb would be brought by the Reno aiul the Savena ; eonsetjiK'ntly, 
the fall of 17 inches, whicli the adiocutes lor the Ujija r Line luii e 
proposed to‘ give to the now lied lielovv the Ikuitouara, ovonld no 
longer snlliee. Jn following the same track, it might be provetl. that, 
in commencing the derivation of tlie Reno about iSampieri, and 
going on straight to Saint- Albert, 12 inches would not be snllieient 
below the montli of the idice, whilst it may be believed that this very 
fall is more fhan is required below the present ojiening into the 
Benedictine Canal. So that, generally s])eakiiig, it may w'itli truth 
be asserted, in regard to any iqiper line whatsoever, that, if tlu^ new" 
bed is lo begin in jilaces more elevated llum the lirijacdi at Panfilia, 
and live depression that must be made to roecive the Snmoggia, 
the greater slope that must be given to the higbcj- parts of the 
Reno, and the coarser substances that tlie interior torrents w"Ould 
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throw into the new eoniinon bed, are taken into consideration, 
there will be a great deticiency in the total sloj)e, at the same time 
that, as the hottoin of the Reno is already established on a smaller 
declivity at the Panfilia breach, and the other torrents bring down 
only substances successively finer in I he lower trunks, the falls 
above assigned would be greater than the Ra^uo would require, in 
flowing from this breach with the united waters to the Benedictine 
Canal, thence to Bastia, and at last to the Sea, 
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ON THE lUiSISTANCES OPPOSED TO RIVERS. 

Tiiji variety in the composition and texture of our Globe every 
wliere presents to our view a great diversity of substances. Those 
wliich are generally found on the banks and bottoms of rivei-s, are 
gravads, sands, common earth, and clay. As the gravels are roinul, and 
the sands are furnished with points and edges, they cannot, from their 
conformation, lie so close on each other as not to lea^ e free [)assages 
between them, through which Iluids may [)enetrate. For this reason, 
cities which are Iiuilt on tlie alluvions of rivers, as are Paris aiul Flo- 
rence, sometimes experience, in [)laces under ground, a considerable 
regurgitation of the waters, wlien the rivers begin to swell. Common 
earth is generally very loose, and has ]>assages through it so open that 
the waters insinuate themselves, and [jenelrate the whole mass : be- 
sides, it olten alfords shelter to moles and rats, and other creatures, 
which, by their winding j)aths, rendei' t he corrosions easier. Hence it 
is, that enibankmenls made of earth arc not very substantial, unless 
they are fat-ed Avith clay, as is the custom in many plact's; and 
especially in Holland, where the bituminous earth is more j)orous than 
ours. Clay is a denser earth, which does not afl'ord a free j)assage 
to ])artieles of water through its very small openings, and which, in 
time, rlrics and hardens ; it is of this material that the strong dikes 
of the Meuse, the Rhine, and the other rivers in Holland, are 
formed. The Meuse, since, in its own bed, it is exposed to all the 
tempests of the sea, and its mouth is obstri’cted by different sand- 
banks, has, on the Delft side, a dike of clay 10^ feet in height, which 
is higher by 4 feet than the level of the higliest floods. The base of 
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the embankment is 60 feet wide, and the breadth on the top 10 feet 
5 inches, as laid down by M. Van-Bleiswick in his excellent Treatise 
on Dikes. 

Pure earth exhibit s to onr view a great variety of appearances, and 
a long gradation of layers, from those which liave more consistency, 
to those masses of more detachetl particles, which, being softened 
sometimes by sid)terraneaii waters, or tliose of the rains, run down 
into the sinuosities of the mountains, and form what are vvdgarly 
called latrh/es. The great ([uantity of these Idvincs found on the 
faces ofthe niouuta ns between which flow the Panaro and the Reno, 
supplies in a great measure their common turbids, and renders the 
high roads in these |)arts vc'vy insecure. 1 have observed favines 
of brown stone in the province of Frignano, which are more than 
4000 feet in breadth, and which are constantly iti motion; and 1 
have seen the great Ixwine of (Gastello, which (tomnu.aices at 
Mount Cimon, and extends with in(.‘essant undulations to tlie banks 
of the river, and which, a few years ago, even c;arrii:d away a mill, 
ami shook several houses. 'I'his obstacle, and se\’eral other j)arti- 
cular reasons arising from the very natm(' of the ])lace, induced me 
to think, that it was not proper that the new road, which t hey wished 
to make from Pist.oia to Modena, through tlie province of Frignano, 
should run for any distance along the bank of the Panaro ; and as, 
among the adjoining mountains, that of Boscolongo (/flei’ed a com- 
modious passage of the Apennines from llu; valley ol tlar torrent 
Lima to that of the I’anaro, and from (Jutigliano to Fiumalbo, I 
proposed that the new road should cross the three principal 
branches which form the Panaro, ami asi-end the mountain on the 
other sidti of the vadley, until it joined the other road madc^ a few 
years before, by which, with soim* coricetions, a veiy convenient 
road might be continued as far as Modena; and this is juecisely 
what lias since been carried into eH'ect with great success. 

In various parts of Holland, InitcliieHy in the vicinity of the Lake 
of Haarlem, 1 have observed another species of eai tli, so lotkai and 
.so loose, that it is thrown down, with the greatest ease, by the 



126 


ON THE RESISTANCES OPPOSED TO RIVERS. 


Book III. 


impetuosity of the winds and waters, whence the Lake gains con- 
tinually on the land. Before the year 1531, there were four distinct 
and s(>|)arate lakes, forming altogether about one tliird of the extent 
of die |)resent Lake : a furious tempest so completely broke up the 
bottom, that tlie four lakes w'ere thrown into one. In 1591, liy an 
inundatitm, the quantity of the water was nearly doubled, and it has 
still be en gradually increasing to the jiresent times. The ne< essity 
there is to dig for turf, or bitumen, w hich sta ves in Holland for fuel, 
and of continuing these ext avations in tln^ neighbourhood of the 
Lake to the depth ol evcji 40 It'ct, gi\ es cause to apprehend that the 
waters may still furtlicr extend th<anselve.s in future. Of late years 
precaution has been taken to surround the Lake with large dikes, 
particularly on the Amsterdam side, the most critical and dangerous 
part. 4'he le\ c>ls of the other waters in its vicinity will not sutler 
the extent of the Lake to be restrained in any other manner. As our 
marshes ar«‘ formed by other causes, othcT remedie.s may tliere be 
applietl. For exauqile, the Pontine Marshes might be drained by 
forming a fixed bed for the tornaits which enter and sjiread over 
them, so as to convey and discharge them into the sea by the 
shortest route. The marshes on the higher jiarts of the Adige 
might be greatly limited, and that in a short time, if the waters, 
wliicl) ha\ e not a sidlicicntly direct declivity towards the river, were 
drawn off in canals parallel to it, and so conducted into the river at 
some lower point. 

1 hav e also observed, in the valleys of the Bolognese, another kind 
of shaking ami moveable ground, which forms in the middle of the 
waters, ajipeai ing like so many floating islands, and commonly called 
cores. Cieminiano Montanari has W'ell described their origin, in 
his Discourse on the Adriatic Sea. Sometimes the reeds of the 
marshes produce, at the sj)ot where they grow, an abundance o-f 
roots, which, at the eml of some years, Ixxome so thick and inter- 
woven, that, as the little fibres, by which they are fastened to the 
bottom, begin to ilecay, the whole mass of earth which they contain 
having become specifically lighter than the water, is detached from 
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the l)otton), ristis in large portions, and floats on the surtacc ; 
which, however, docs not prevent the corett I’roni prt)ducing new 
reeds, as it’ they were still oecupying their former places at the 
bottom ; because the substance of the old roots contained in the 
floating masses supplies them with suflicient nonrishment. In this 
manner they continue,, for stneral years, to produce fresh herbage, 
and sometimes they grow so large as to bear cattle, sportsinen, and 
cottages, and are the admiration of all those who conui to see 
them. 1 have, in the valh‘y of Dniglio, been u])on one of these 
cores, wliich was nj)wards «)f half a miU' in circumference : its thick- 
lu^ss was about three or four feet, and below these there was a 
depth of more than twenty I’eet of water. Wlien the sands and earth 
brouglit down by tlie tributaries either fill ui> the whoh' s|)ace 
between the bottom and the cores, or make them specificully 
hea\ it'r than the water, and sink lliem to the bottom, they are no 
longer any thing but an elastic and comjuessihle body, jiku-cd on a 
firm basts yielding at first uniformly, but, in the t iul, w hen com- 
pressed l»y the w eiglit of an embankment, inca|)able of causing any 
draangemeni. 'I'hns, tlu‘, large cores met with in tlu^ talltyv of 
(fandazolo formed an insurmountable t)l)stacle when the lleiie- 
(licline ( anal was first muh'Vtaken; but those that arti found 
eonsolidated and sunk in th<‘ tau th, at a place' called the Traglu^tto, 
towards the confluence of the Idiee, ha\ e not in arn way olistrucicd 
the progress of the works : and already, for some years |)ast, the 
deposites left 1)Y the Idiee in the valley oi (iandazolo hav<‘ so well 
consolidated the cores, that there is no longer any dinicuity in 
continuing llu' embankment lu a straight line. 

But these phenomena ar(‘ very rare, and such as Nature exliibits 
only in certain places. The \mc(|nal resistance ami eohesiorj of sub- 
stances which are generally met with in rivers, the difl’erent 
mixtures of earth, s, and sands, and gravels, tVie variety ami irr<‘gn- 
larity of their distrihnlion, render tire lieds ol rivers af all limes 
liable tt) nnetpial coirtrsion, forming here and there little; sinuosities, 
w hich occasionally become very large, and force tlm rivers out of 
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their first direction, and that chiefly when their bottoms are com- 
posed of gravels : for the gravels, which are floated down in the 
time of floods, are not always equally distributed over the whole 
bed : on the contrary, they are sometimes accumulated in such 
large quantities on one side, that they drive the thread of the stream 
to the other. It is from this cause that ri\ers experiejice, in their 
higlier parts, where they carry gravels, more frequent alterations in 
the clirection of their stream, oftener change their beds, and are 
constantly more irregular, and more tortuous, than in the lower 
parts, vvluMC they carry only sands anti earths. 

Setting asitle, however, the substances that are brought down by 
rivers, the simple difference of those wliich are found on their shores, 
and on their bottoms, always gives occasion to different corrosions, 
and is sufficient, even when a rivta' is enclosed Ivetvvecn two parallel 
banks, speedily to compel it to change its course. Whenever, there- 
fore, tlie making of new beds is in question, even in the case of such 
rivers as float down tlic lightest substances, there should always be 
left, along tlie whole bed, Inoad shelving Ivrims, and open low shores, 
whilst the mounds are kept at a due distance from the e.xaavations, 
that the wafers, having free space to operate, may form their corro- 
sions, aial twist and adjust their bed at pleasure, without directly 
attacking tine embankments. 

(lUglielmiiii has treatevl this subject at great length in his vi. 
Chapter on the Nature of Rivers. The foundation of his whole argvi- 
ment is, that if a stream, even when enclosetl between parallel banks, 
begins to make erosions on any part, whether because the ground 
has there less tenacity and consistence, or the force of the water is 
there increased by the repercussions of the parts above, it will be 
the points and angles of the places corroded that will be first over- 
thrown, because those parts present the least resistance, and there 
the force and impetuosity of the current are the greatest. Thus the 
whole erosion will in a short time become one continued curve, 
and the thread of the stream, flying off from this side, will go and 
batter the opposite shore ; and so, in the constant renewal of the 
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same play, when an erosion has been made on the right bank of a 
river, another will be made on the left, and tlien another lower 
down on the right, till in this manner the whole river will become 
a continuation of arcs alternately concave and convex ; and, as the 
strength of the stream progressively lessens in pro[)ortion as the 
angle of the current with the corroded shore becomes more acute, 
the ol)liquity of the thread of tlu; stream, impelled and repelled, be- 
coming greater as the concavity of each erosion is enlarged, it will so 
ha]>j)en th;it ihi' force will at last become (ajual to the resistance, 
and each erosion will liave its limit, which might be ascertained, if 
the laws of the force of the water, and of the resistance of the 
ground, W'cre known. But it may in general be asserted, that a 
sandy shore' w ill yield more easily tlian one of loam ; that the 
erosions will l>e so much the greater, as the current of the river 
shall stj'ike the shore more* directly ; that the broadew the river, 
the farther will the e rosions penetrates ; and that, all e)then’ circum- 
stances being eejual, the larger the rivers, the me>re considerables w'ill 
be the circuit e)f their windings. 

Hence; it is, that in senne [ilac'es, when erosions take place, they 
are accustomed te) thiow back the embankments, and to wait until 
the erosion has reached its limit. In other places, the high perpen- 
dicular eujrroded bank is sle>pe;d otF se> as te> present an inedineel j)lane 
to the strcjam, w'lieaever it attempts to unelermiiu' it : but this is 
attendeel with a waste of ground, not always admissible ; and, in 
most cases, the e;ncre>achments must be prermptly checkeel, and their 
progress edectually ])revented. Various defences, on a large and a 
small scale, ha\ e been invented for this purj)os<;, and are used in great 
and small rivers. In several parts of the Arno, ami of the Secchio, 
large stones, scatteretl in great cpiantities along the corroded shores, 
produce good effects ; l)ecause, even when they are carried down by 
the impetuosity of the current, the tlifferent intermixtures, which the^y 
form among^ themselves, produce a continued and multiplied 
resistance. 1 have seen, in several jjarts of the lower bed of the 
Prirnaro, a single row^ of piles sufiicienfly secure the dikes of the 
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valley of Cornacchio. Iji the higher parts of tlie Reno, 1 have seen 
larger and stronger piles driven in obliquely, so as to form a slope 
down to the bottom of the river. In the journeys which 1 have had 
occasion to make along the Po, and other rivers, 1 have examined 
different sorts of spurs, and have found but few of them that were not 
shaken and damaged by the current, and by g\ilfs, which are readily 
tbrrned at the inner and outer extremities of these works. The five 
sj>urs which have stopped the erosion at Parpanese on the Po, in a 
very elevated steep shore, form an obtuse angle with the up[)er l)ank, 
to which they are strongly secured. They commence with a base of 
about twelve gabions, made of willow twigs, and filled with earth, 
which sustain between their angles eleven gabions, upon which are 
placed ten more, and so on, the nuinbcw in each course Itvssening 
gradually to llie top, where there are only four or five. 

Farniano Michelini, in his Treati.se on the* Dirtu.'lion of Rivers, is 
the first Author who has written on the flefences that might be 
opposed to waters ; although he has not formed a correct idea of the 
pressure, which, even in standing waters, arises simply from the 
depth. Barattieri, in treating of spurs, has laid down no rules 
on the mode of placing them : he merely takes it for granted, that 
they ought to be fixed where the corrosion is the deepest ; whereas, 
on the contrary, it is easy to see, that one ought to begin to turn 
off the current at the very etlge of the erosion, and that the spurs 
fixed lower down should be so placed, and at such proportional 
ilistances, that they might njutually support, and be sup[)orted by, 
each other. Guglielmini and Zendrini have trcateil this subject in 
a superior manner. By following up their common princi[>les, 
the most advantageous position that can be given to a spur, for 
turning the current of a river towards the opposite side, may easily 
be determined. For, siqqjosing, in the first ])laee, that tlie tlireetion 
of the water is parallel to the banks, and resolving, by tlie common 
rules of Mechanics, its velocity into two others, the one perjicndi- 
cular, and the other parallel, to the spur ; the latter velocity will be 
projiortional to the cosine of the angle which the spur forms with 
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the wnder bank. Then, further, as the quantity of water that im- 
pinges against tlie sjmr is proportional to tlic |}erpentlicular drawn 
from the point or outer extremity of the work totlie hank, or to the 
sine of the same angle of inclination, the quantity of inotiQn 
with wliich the stream will flow, in a direction j)aralleh with the 
spur, towards the opposite shore, will be as the product of the sine 
into the cosine of the angle which the work makes with the bank: 
and since this product is a maximum, when tlie angle is half a right 
angle, it clearly follows, according to the principles above (pioted, 
that the most advantageous position, which can be given to a sj)nr, 
or buttress, is that in which it forms with the under bank an angle 
of 45“. 

However, if it were thought necessary to construct a spur, 1 would 
recommend, in the first [jlace, that it shouki be well fixed in the 
shore ; next, tliat it shouki make, with the under bank, half a right 
angle; and, laslly, that from tlielu'ad it shouki slope towards the ex- 
treiiK' [)oint, and run out on its two flanks, to meet the bottom of the 
river obliquely, both above and below. But, even l)y these means, 
one can never prevent the water, impetuously striking against the 
angles and projecting points, and beaten about in various <lireclions, 
from forming dee}) excavations, which l)y degrees wall weaken, and 
at lengtli overset, the work. 1 have seen great whiiij)Ools in th(? 
Danube, and in the iVdige, and in other rivers, at Ihost: s})ots where 
the bulwarks, and the shores, were struck most forcibly in front. 

1 have uniformly discovered gulfs an<l eddies in the vicinity of the 
best constructed s})urs. A ram|>art of fascines, or of stones, extending 
the whole length, and descending w ith a regidar slope, so as to form 
a very acute angle with the bottom, vvoidd be free from this inconve- 
nience. I should, therefore, prefer the uniform distribution, over 
the whole of the corroded bank, of that resistance which is usually 
made, at intcrx als, l)y sj)urs. In Holland, 1 have seen no other sort 
of bulw arks than strong dikes, and extensive works of fascines, which 
have |)ro(hiced the most excellent effects. The greatest fascine work 
is that which is 0])[)osed to the imjietuosity of the Meuse, under the 
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walls of Rotterdani. The largest dikes are towards the North Sea : 
they have, on tlie ground, a broad anti thick layer of bricks and rub- 
bish, which is covered by large stones, of winch the vacuities are filled 
up with lime, and smaller stones ; and their slope is so gradual, that, 
in some places, the litaght is to the base as 1 to 13. Within the 
pres(‘nt century, also, other great dikes have been constructed in Zea- 
land on the coast of the Ocean, in those places where the large heaps 
of sands, which extend the whole length of the southern shore, and 
which are commordy called Downs, are interrupted. These tlikes have 
about three perches of altitude on a base of tliirty-five. 
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Father Graiidi, in the iv. Chapter of his Secoiid Book, having ex- 
plained the method of finding the equivalent origin of a river, and of 
making the t;orrection for that which is snbdnc ted, hy the various 
resist anees, from tlie velocity of the whole fall, has considered, among 
these resistances, principally, the regurgitations occasioned liy the 
floods of tlie tributary streams, the reeds and shrubs which gi ovv some- 
times on the bottom, the angles and least regular turnings of tiu? 
banks ; and he shows, that he makes very little account of the other 
resistances, which are produced by the roughness and inequalities 
of the edges and liottom. He remarks, that the resistance of the 
banks ternninates in those parts which slide near tliem, without ex- 
tending to the other [>arls in the middle ; anti, conceit ing a line to be 
drawn along the summits of the highest [larts of the bottom, lie 
is of opinion, that the w aters above that line cannot experience any 
irnpetliment from the other waters, which lie dormant below it in tlic 
hollows formed by the heights : and, finally, conceiving another 
straight line to lie draw n Irom the surface of tlie tributary, and con- 
tinned horizontally, above its entrance, until it meets the bottom of 
the receiving river, he has determined the limits of the regurgita- 
tion caused in one river from its junction with another, by 
demonstrating, that, over all the space beneatli this line, the waters 
of the tributary w ould regurgitate and obstruct it, whilst, in the whole 
of the space above it, the waters would remain equally as free as it 
there had been no affluent, or tributary. 
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The demonstration of Father Grandi applies a ery well to the case 
of a wear, or similar obstacle, traversing the bed of a river, on the 
hypothesis that watei’ is perl’eetly fluid, and composed of particrles 
entirely detacluxl from each other. On the same hypothesis, it woiihl 
appear that the extent, and the cpiantily, of the regurgitation ought 
to be less in the case, not of a fixed obstacle, but of two rivers flowing 
to unite, and both contributing in the common bed to urge on the 
waters. lrIowe\'er, in the one case, as well as in the other, the 
spact; covered 1)y the reflux ought to be greater, as the partielt;s 
of Avater are united togetlier by a certain adhesion, Avhich prevents 
their se[)arating Avitluuit some difliculty : tin? is what is commonly 
called the adhesiveness of water. We have this adhesion before 
our eyes, in the concuvity I'ormed by the surface of the water in 
vessels that are not full, and in the roundness, or convexity, which it 
assumes in vessels that are very full, before the up|)er waters are 
detached from the lower, and bt'gin to run oven’ the edges. The 
foam, the ebrdlition, and the tenuity to which the surface of the 
Avater is reduced, before it is broken by the little bubbles of air 
escaping, the experiment of the hydrometrical flask mentioned in 
the prece<ling Book, and many other similar phenomena, are clear 
proofs of this truth. The adliesiveness of the Avater inust cause the 
obstructions, Avhether they arise from the regurgitation, from the 
shrubs and roots that are at the bottom, or from the roughness and 
inequality of the bottom and banks, to extend to greater distances 
than those Avhich have been assigned by leather Grandi. 

Jn the first place, supposing a riAer to be traversed froni one side 
to the other by a Avear, from whose summit a horizontal line has 
been drawn, the Avaters Avill be stagnant in the Avhole of the angle 
Avhich is formed by the wear with the upper bed; and since, as 
soon as a river is once reduced to a permanent state, there, must 
j)ass through t?ach section an eciual ejuRntity of Avater, the sections 
that are cut by this horizontal line». and are partially obstructed, 
must increase in heiglit in proportion to the extent of the part ob- 
structed. By this means, the surface of the river Avill there have less 
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slope than it had before, and the slope will gradually lessen as one 
goes upwards, till one reaches the section whicli is placed completely 
above the horizontal line. On the contrary, at the summit of the 
wear, the waters, precipitating themselves freely, will there lower 
their height, and their surface will have a greater slope ; and as the 
greater slope of the surface, independently of other circumstances, 
has an infiuence on the greater acceleration of the waters, according 
to what has been laid down in the ii. Chapter of the Second Book, 
the waters will bt*gin to be accelerated, even before they reach the 
top of the wear. The adhesion, or tenacity, of the particles must, 
therefore, cause the acceleration to extend upwards to a distance 
greater than it w^ould do on the hypothesis that the same jiarlicles 
were perfectly detached from each other ; for the particles, which 
are accelerattal by the greater slopii of the surface, and by the iVee 
fall, which they have, of the whole height of the wear, must draw 
alter them those which immediately follow them, and these, others 
in their turn ; and so on, successively, for some distance. I'his is 
precisely what has been asserted by all authors, and chiefly by 
(iugliehnini in his vii. Chapter, and Manfredi in his Annotations. 

1 think it right to adtl to these theories an observation that is 
important. As the jiarticles of the abaters liegin to be acci^lerated, 
before they reach the summit of tlie wear, from the increased slope 
of the surface, so the diminished sloj)e of the same surface, through- 
out the whole space regurgitateil, must make the waters swell 
farther back than they w'ould do simply on account of their stagna- 
tion. Thus, the tenacity and adhesion of the |»articles, by means of 
which the acceleration extends itself to a greater distance above 
the top of the w’ear, must occasion the regurgitated waters to retartl 
others, and their retardation to be in some degree connmmicatc'd 
to those sections which are entirely above the horizontal line drawn 
from the top of the wxw. But, as the space within which the 
waters begin to be accelerated, before they reach the wear, is 
perceptible, so also the stagnation of the waters ought to extend 
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to some sensible distance above the horizontal line, which would be 
the limit ol‘ the regurgitation, on the hyiiothesis of the perfect 
fluidity of the water, and of the equality of the slope of the surface. 
The lowering of the sections begins to be sensiljle at a great distance 
above the sluices in great rivers: and in little mill-races, that accele- 
ration which can be distinguished by the eye, or by means of floating 
botlies, begins at the distance of eight or ten feet, and more, from 
the sluices, as 1 have frequently ascertained by experiment. In all 
canals, then, large or small, the regurgitation will always extend a 
sensible space above the horizontal line drawn from the summit of 
sluices, or of any other lived obstacles. 

In the jjarticular case of mill-races, there is another reason why 
the regurgitation should begin to be discernible still higher up than 
could be occasioned merelx' by the obstacles placed below, or by the 
adhesion of the particles of tlie water. Let us suj)j>ose several 
works ])laced in succession on the same canal, and then observe 
what will lja{)j)en : the water falling from the first detention upon a 
wheel, and striking right against the bottom of the canal, ought 
instantly to lose the veitical velocity, which it hatl acquired in its 
descent, and to adjust its motions according to what is suitable to the 
body ol' water, and to th(‘ declivity of tht^ bottom, and of the surface. 
It is in this manner, lliat, in the cascadt's even of large rivers, we 
see that the .‘■itream icfluces its ra[)idily very speedily to the velocity 
that suits the state of the beds in which it is to continue to flow. The 
freer the bottom of the canal, and the greater its slope, the more 
readily will tlie waters falling under the wheel run off, and 
continue their course: by whicli means, on the one hand, the 
resistance to the boartls of the wheel will be less, and, on the other, 
the lorce and imjietuosity of the water will greater. On the 
gonlrary, it a dam has been placctl lower down for some other 
work, and if the horizontal line, drawn from the: summit of this 
other dam, meets the botU)ni a little bcloev the first wheel, the water 
will no longer flow off so plentifully, and it will there rise to a greater 



Chap. IV, 


ON THE REGURGITATION, OR BACKWATER, OF RIVERS. 


137 


height : whence, on the one hand, the revolutions of the wheel will 
be performed with greater dilfficultj, whilst, on the other, tlie 
moving force and iinjmlse will he less. 

From what has been said, it follow's, that: the case of canals, wiiicli 
serve to set wheels that are |)laced successively one behind another 
in motion, is not properly that of a hotly of water which flows 
down a continued bed, until if meets with a w'ear, or some im- 
movabk; obstatie. It is, properly s[)eaking, the case of a stream 
issuing from a reservoir by an inclined canal, the inclined canal serving 
to give an off-run to the water, w hich would remain stagnant under 
the wheel, in proportion as its course downwards might be less free. 
In this case, the regurgitation occasioned liy an obstacle jilaeed farther 
down may very easily extend itself to the wheel and the upper 
w'ork, even wlien the horizontal line, drawn from the summit of the 
obstacle, would not reach them ; since the motion of the water is 
stopped, throughout the whole space whicli is Inflow the horizontal 
line, in consequence of the obstruction j)ro(luce«l by the olistacle, 
and tlu^ tenacity and adhesion of the particles of the Avahu’ must 
cause this obstruction to extend itself, still farther uj) the canal, to a 
sensible distaiua-. The course of the wahw |)assing under the 
wheel will, therefore, be less free, and consequently its resistanct; 
and height will be greater : and, on the contrary, the force of the 
water which is constantly coming dow n will l>e less ; w'hich, however, 
w'oidd not happen if the liorizonlal line, draw n from the lower im- 
Ijediment, met the bottom of the canal at such a distance from the 
up{)er wheel, that it could not cause any st;nsible alt(;ration in the 
upper winters. 

The controversies, which originatetl at Roveredo, afforded me an 
opportunity of verifying all these principle.s by the most accurate and 
conclusive experiments. The foot of Roveredo is to the Parisian 
foot very nearly as 12 to 11. The summit of the sluice of the lower 
mill was fotmd to be 2f inches lower than the horizontal line 
drawn from the both)m of the canal at the point where the wheel 
of the upper mill was placed : the horizontal line, drawn from the 
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sluiiinit of the same sluice of the lower mill, struck the bottom of 
the canal at ilu' distance of 84|- Roveredo feet from the vi{)per mill. 
Towards ascertaining vvhether the limit of the rt'gurgitalion was 
Indy that of the horizontal line drawn from the to[) of the oljstacle, 
I first of all caused the height of the lower sluice to be raisetl IJ of 
an inch, so that its summit was oidy IyV ‘^1 inch lower than the 
bottom of the upper canal : having then adjusted all the water- 
falls, and taken e\'cry possible precaution to prevent any variation 
in the body of water during the experiments, I measured its height 
on a little pilaster, placed at the distatuai of 55 feet from the \ipper 
mill, and 29-J- feet from the place where the horizontal line, tlrawn 
from the summit of the lower sluice, struck the bottom. 1 likewise 
observed the time required that the wheel of the up])er mill might 
make 40 revoluti<jns, under the dillerent t;ircumstances of leaving 
the lower sluice of its usual height, or of raising it one inch and 
a. third, and of letting the stream fall Ifecly, or of causing it to strike, 
in falling, on the wluel. Further, I marked on the same little 
j)ilaster the time of 40 revolutions, and the height of the body of 
water in the two dillerent cases, in which the lower shiic<‘ w as left 
at its common height, or was lowered 2 ^ inches, all other cir- 
cumstances remaining e(jual, ami the sanur precautions being again 
taken, that in both cases the same <|uantity of .water should bt; 
supplied to the canal. Tastly, 1 repeated the rlouble set of ex[)eri- 
ments in dillerent stat es of the water, as supplieil to the uj)per wheel 
in tlie greatest quantity possible, or in a medium quantity, or in the 
least. The following were the results. 



Chap. IV. 


ON THE REGIJBGITATION, OR BACKWATER, OF lUViaiS. 


139 


TABI.K OF FXPKRIMEIVJTS. 


FIRS'r i:Xl>ERIMENT. 

When to the onlinary lieigJit of tlu; sluice an obstriic-1 
tion of one inch and one third liad hee.n siiperailded, > 
the lower wheel l)eing in motion - - -J 

Tile sluice lefii of its connnon heiglit, the wheel in ( 
motion - - - - - - 5 

Sluice as in the last, hut the wheel stopt 


Time required 
for Forty 
Revolutiou^. 


Minutes. Seconds. 


SECC) N D EXT E RI MEN T. 


CH’> 

Ql 

‘20 


In 


aiiotlier state of tlie water, with an ol>stnj('1ion ofl 
)ne incti aiul one third, the lowc*r wheel being* in S- 


one 
motion 


■i 


With an obstruction of onlv one iiicli, the wheel in | 
motion - - - - - - f 

With the ordinary sluice only, the wlieeJ in motion - 


THI Rl) exterimi:nt. 

With the smallest quantity of wafer, an obstruetion of) 
one inch, and the lower wlicel in motion - - J 

Without the obstruction, the wheel in motion - 
The same, only the wlieel stopt ... 


FOURTH EX TERIMENT. 

In another state of low water, with an obstruction of) | 


20 

20 

18 


21 

20 

20 


one inch anil one third - - - -5 

Without the obstruction, the wheel in motion 


I 19 

18 


FI FTH EXTERIM ENT. 

With full flood and the common sluice, the lower X 
wheel turning - - - - - i 

The sluice lowered two inches and seven eighths, 1 
the wheel stopt - - - - 


20 

18 


80 

O 

20 


Heif'lit 
of the 
tVatcr. 


O 

O 

■i5 


SO 

4>5 

30 


S 

SO 


18 

52 


laches. 

17 


II) i' 

I f) 

1G| 


iGil; 

IG 


I iTfi 

I I T<! 

11-rV 


11 A 


15 |- 


15 
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SIXTH EXPP:RIM£NT. 

Time required 
for Forty 
Revolutions. 

Height 

of the 
"^Vater. 

Minutes. Seconds. 

Inches. 

Ill another state of higli water, the sluice of its com- \ 
mon height, the wheel in motion - - - 3 

The sluice lowered as in the last, the wheel stopt 

18 27 

16 59 

15 

SEVENTH EXPERIMENT. 



In another state, sluice of the ordinary height, wdieel ) 
in motion - - - - -3 

The sluice lowered, and the wheel stopt 

23 38 

21 38 

15 • 

15 

EIGHTH EXPERIMENT. 



The water in a medium state, the sluice of its ordinary \ 
height, and tlie wheel in motion - - - 3 

The sluice lowered and the wheel stopt - - j 

21 8 

20 4 

12] 

1 1 

NINTH EXPERIMENT. 


i 

1 

The water low, the sluice of the ordinary height, the "I 
wheel in motion - - - - - j 

The sluice low'ered and the wheel stopt 

20 45 

20 8 

11 

10« 

* 

TENTH EXPERIMENT. 



In anotlier state of low water, with the sluice of the 1 
ordinary lieight, and tlie w heel stopt - - j 

The sluice lowered and the wdieel stopt 

20 2 

19 49 

10« 

10® 


The sixth experiment was carried on niuler the same circum- 
stances as the fifth, only tlie fall which supplied the stream to the 
mill-race was a little raised ; and in the seventh experiment, it was a 
little lowered. 

The result of all these experiments is, that although the obstacle 
placed below did not reach the horizontal line drawn from the hot- 
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tom of the canal vnuier the upper wheel, y(“t it always increased the 
height of the water there, and diminished its velocity ; anti that the 
resistance, arising from the oljstruction made by tlie lower wheel to 
the free discharge of the w'ater, ot-casioned t)f itself a sensible re- 
tardment to the motion of the upper wheel. All the differences, 
either in the height of the body of water, or in the number t)f the 
revolutions made in a given time, became smalltw as the body of 
water was diminished ; and tlnit, not only because this very difference 
in the height of the sluice otx^fisions a less variation in the slope of 
the surface when tlie waters are very low, but also because, when 
the waters are superabundant, the disburdening channels, re-entering 
the principal canal below the first wheel, raise, with tiui water which 
they carry, the surface of the other water, which has already falh'ii 
undt^rnealh tlie wheel, atul by this means increase the n'sistance, 
and diminish the impetuosity and the moving power. The dif- 
ferences of the heights in tlie fifth, the eighth, and ninth coin|)ara- 
tive e.K()eriin<*nts were, five eighths, one half, and one ipiarter of an 
inch, that is, in the jirojiortion of the numbers 5, 4 , ami 2. The 
difference in the t ime of the forty revolutions was, in the fifth experi- 
ment, one minute twenty-six se.iuinds above eigliteen minutes fifty- 
two secouds ; that is hi say, more than seven hundn;dth jiarts ; it 
was live hundredth parts in the eighth experiment, and less thiin 
three hundredtii parts in the ninth. .Soim* other <roinparative 
exptTiinents were trit'd, when the waters were unusually low, sin(;e, 
at the pilaster, there were only eight or ten inches of water ; but no 
sensible difference was observed, either in the height itself or in the 
time. 
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CHAP. V. 

ON TIIK ENTRANCK OP RlVIillS INTO THE SEA. 

Xhe Mediterranean, an<l particularly the Adriatic, oiler to our 
consideration two very curious anti highly interesting phenoinena — 
the prolongation of the shores in various places, and the uniform 
heigiitening of tlie surface of the sea. One might, u|)on a single 
principle, assign a cause for these two phenoinena, by stating, tliat 
the substances lirouglit down by the rivers and collected on the 
lieach, throw forward the shores ; and thus, l>y contracting the out- 
line, must necessarily elevate the surface of the s(‘a. This explana- 
tion would ajipear very [ilausible, if the Baltic did not exliibit, at 
one and the same time, an (‘nlargcment of its shores and a ilejires- 
sion of its superlicial level ; and, if it were not evident, that, as all 
the seas must be upon a connnon level with respc'ct to each other, 
the absolute height of the waters cannot be raised in one, without 
being at the same time elevaletl in all the rest. But to confine our- 
selves, exclusively, to facts; — in the Memoirs of the Royal Academy 
of Stockholm, MM Celsius, Dalin, Slemljcck, and several others, 
have given a long statement of facts, which prove very clearly the ex- 
tension of all the shores. They state, among otlier facts, that the 
fisheries have failed in several jilaces, because the water is liecoine 
too shallow ; that several creeks and harbours in the Ciidf of Bothnia, 
once capable of sheltering large ships, can Jiow admit only small 
vessels ; that, in our own time, several islands have been united to 
the continent ; and, that even the whole continent of Sweden was 
formerly only a cluster of islands. 

The prolongation of the shores might still further agree with the 
elevation ol the level of the sea, wherever particular causes con- 
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tributed more to the increase ol I he beach, tlian general causes to the 
elevation of the bottom, and of the siirfact; of the sea. Bnt the 
observations made in Sweden exhibit also a diminution of the absolute 
height ol the sea. We there perceive, tliat several spots, where, 
formerly, dog-fish were c:iiight, are at prescmt, Ifom tlieir elevation, 
entirely out ol use as fisheries; that several shi^lves, where shi[)S were 
formerly wrecked, may now be easily distinguished; and, above all, 
that the signals and marks, which were placed formerly to show the 
height ol tlu; surlac<‘ of tlie sea, are at present considerably above 
that surface. 

The continual rising of the level of the waters in the Adriatic 
was not iinknow'u to the k^arned of the sixtetaith century ; and the 
Engineer Sabbadini has formally stated the o|)inlon in his Discourse 
on the Lake of Venice. Eustace Maiilfedi was tlu^ lirst person who 
established the lad. When he was at Ibnenua, he perceived, in 
taking some levels, iliat the floors of sevend aiicienl edifices in that 
(/ity Avere below tlie le\'el of the sea. The* j)rincipal of thesi' edifices 
wen; the Cathedral, the Hotunda, and ihe magnificenl Church of !St. 
Vital, winch was ('reeled iti the reign of Ainalas<mte, and which 1 
found it iinj)Ossibl(' to behold wilhout enteii'.iining a great esteem 
for the Archit(x:ts of tliose days. Now, as tlu' sea lormerly rea(;hed 
Ravenna, and it is not to be supposed-that such abh' Architc'cfs would 
build in phucs likely to be inundated, one is forced to coiuhule, tliat 
in their time the surface of tlie sea was lower. Rernardin Zendrini 
has confirmed this o[)inion by otlier observations of the sanu' na ture, 
which he mtwlc at Venic-e; where hcobsened, that the rings, formerly 
used to fasten boats, are now below (he levcd of llu; sea ; fhat the, 
subterranean (diurch ol 8t. Mark is no longer serv iceable, iieeause it 
is below the water; and that tlie ground plot of the Pia/.za is sometimes 
overliowiai in moderately high tides, although, som«' tiuu' since, it 
was raised about a foot. The same remarks have been made in rt;gard 
to the Alediterranean. In the Isle of ( ‘apri, the whole platform of an 
ancient Roman edifice, placed on the st a-shore, is at present inun- 
dated : and at Viareggio, and in several other places, many pavements 
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are in like manner under water. But to silence all objections, which 
iniglit be started by alleging that such changes might arise from the 
accidental sinking of the whole ground, it is sufiicicnt to produce 
the observations made by the celebrated Vitaliano Donati all along 
the coast of Dalmatia. At Lissa, at Diolo, at Zara, and at other 
places, the level of the sea is higher than the floors of several very 
ancient Iniildings, which, we must su])pose, were originally con- 
structed above this level, that they might be healthy, and be pro- 
vided with convenient drains : yet as these ediflees are erected 
upon the solid rock, of which this shore is entirely composed, it 
is not possible even to suspect that the buildings have sunk in any 
one }>oint. 

The prolongation of the sliores is clearly shown in several parts of 
Italy also, Imt principally in Tuscany, Romagna, and La Marca. The 
ancient port of Pisa is at jircsent very far distant from the sea ; and 
this is likewise the late* of several tow ers built long ago for the delence 
of these coasts. The City of Ravenna, formerly situated on the 
Adriatic, is at [ircscnt inland *. It is also a fact, that the whole shore 
of the Po, as fai' as Ancona, is extending itself sensibly every year. 
Zendrini, in the Fourth Chapter of his Rejiort on the Di\ ersio!i of 
the Ronco and the Montone, has inferred from ten observations, that 
this extension went on at the rate of about 23 perches annually. He 
has, moreover^ assigned for il two dilferent physical reasons. In the 
first place, he has observed, that the shore is exfiosed obliquely to the 
South-East and the South winds, of which it is the property to scoop 
it out, to use a sea phrase, in sweejiing off' the sands ; and that it is 
exposed in front to the North-East and the East, which drive the 
sands on the shore, and actaimulale them there. Now% as the sea, not 
only in tempests, but even in ordinary tides, raises the sands from the 
bottom, the consequence is, that as the direction of the wands concurs 
to transport them, and collect them on the beach, the shore is conti- 

Under the Uonian Ein])eror.s, it was celebrated for its capacious liarbour ; it is now above three 
miles from tlie sea, 
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mially more ami iiK)re exteii(ief!, and tivns the sea is tlirown oit’to a 
greater distance. Tlum, as the largest sandhaidvs are found at; the 
mouths ol the rivers Savio, Ronco, Montone, &c. where they exteml 
tliemselves, in an irregular manma% chieliy towai’ds the right, iiendrini 
has (xniduded that tlie extension of these banks should be attrilnited 
to the slow motion of the sea, and to the silt and sands bronglil tlown 
to the spot by the livers. In tine, Zendrini, having visiteil all tlu' 
ports of Romagna, to ascertain what measures could be taken to 
rendi'i’ them more secure, and having seen that the riviu’sands were 
not, in any instance, carried along the coast for more than six or 
seven miles, determinetl, among other conditions, tliat; a harbour 
ought not to have a turbid ri\'(‘r, either to its right or to its hit, 
within the distance of seven or eight miles. 

The subjet;t of tlie damage, v liich harbours on the seacoast are 
liable to sustain trom the mud ami sands of l ivta’s, has been already 
discussed in a Discourse on the Adriatic, liy Geminiano Montanari, 
on occasion of tlie suspicions entertained by some, that the sediments 
of the Old Piave were carried, more than nim^ or ten Venet ian miles, 
to the Port of St. Nicholas. This illustrious piiilosopher maintained, 
that the transportation of tiu'se deposites could not arise from any 
other cause than the currents; that is, from the sweeping motion 
along the coast, with which the waters, that are constantly (‘iiUTing 
through the Straits of Giliraltar, on the liarbarv sho-it', having run 
along the whole circumfennce of the IJjiper and Lowi'r Seas, or, in 
other words, of the Adriatic and Mediterranean, return back to the 
Oci'an by the coast of Spain. Seafaring men weie made sensible ol this 
motion, in the sixteenth cimtuiy, by the didereucc^ of the time which 
they look, when tlu“ winds and other circmnslances wen^ eipially 
lavomable, in going to and in returning from C'orfu to Venici' ; ami 


hence it liecame the* jiractice to coast along the Northern shores of 
the Gulf in going from (Jorfu to Venice, and to keep, on the return 
from Venice to C’orfu, the Southern shores, along the coast of the 


Ecch'siast i cal S ta tes , 


and the Kiugilom of Na|)les. 


They ha\ e since* 


liiscovercd, by the motion of Hoating bodies, the prer ise rlirectiou of 


u 
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this current, both in llie Adriatic and in the Mediterranean. Mon- 
tanari has determined, from the observations that were inatlc on this 
motion, that the v'elocity of tlie current wa.s only three or four miles 
in twenty-four hours ; whence it follows, that, as the rapidity of river- 
streams is about three or four miles an hour, the proportion of the two 
velocities must lie as 1 : 24- Montanari has gone still further, ami 
has decided, on the same principles, that it necessarily ixupiired three 
stipulations to be granted, that the sediments of the Old Piave might 
float as tar as Port 8t. Nicliolas: nauafly, that these sediments should 
be three whole days on their way ; that, during thesis three days, the 
state ot the sea should be such as to pi’event the sediments from 
sul)sidiug to the bottom ; and, tliat the t(Mnpests at sea, and the 
floods ill tlie river, should lioth occur at the same time. Jhit as tliese 
circumstances can hardly ei i-r <\\isl together, Montanari concludes, 
that the dcjiosites of rivers have uothing to do witli the formation of 
shoals in ports so tar distant. 

But there are still some other considerations, which desi'rve to be 
w'eighed on this |)articular fact. In combining the motion of the 
sea along the coast with the motion of any river at its mouth, it is 
evident*, that the waters of tlu^ river ought to takt; an intermediate 
direction, and turn their course more or Ic'ss towaicls tlu* right, as 
Guglielmini has remarlvcd in -the Seventh Coi'ollary to tlie Fourth 
Proposition of his Seventh Book. Thus, the (Minent and the river 
being both turned from their first direction, and the current being 
more so than the river, since the vehx^ity of the river is about twenty- 
four times greater than that of the current, the sea, lying on the right 
hand, between the line in which all the bkvnded waters arc now 
directed and the shore, will no longer be assisted liy the coast- 
current, already broken and turned aside: the sediments incor- 
jioratcd with its waters will consequently begin to settle along that 
part of the shore, and lorm diverse sandbanks, which will go on 
graduall}^ and continually, increasing. And hence the river, finding 


^ Since llie morion of the sea is, with respect to the rivers in question, from left to right. — T. 
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always greater impediments on its right, will turn by degrees towards 
the spot where its course is more iVec, and, in time, will at last 
establish its course in a direction cpiite op[)osite to that in which 
it at first set out ; that is, by tending constantly to the left of its 
opening. Montanari ol)serves, that this is precisely the manner in 
which the mouths of the Tagliamento, the Piave, and other rivxTS in 
the Venetian States, maintain their outlets. Zendrini, in the Report 
before quoted, adds aLso the example of the rivers in Romagna ; and, 
in the First Cha])ter of another Rejiort, on the IIaii)Our of Viareggio, 
he has applietl the same ])rin( iples to the rivers of the Mediterranean ; 
with this dilfereuce ()nly, that the tides being weaker in the Medi- 
terranc’au, tlu; motion along the shore is tlxere more j)erceptible, ami 
the dejjosites arc formed to greater distances, and in much greater 
abundance on the right, while none are ever seen on the lel't. 

Zc'iidrini, [massing afterwards from these general theories to some 
partierdar cases, and treating oi’the mode in whicli a haj’l)our might 
be formed for the C’ity of Ravenna, [)roj)ost‘d, that it should be 
opened at a spot where the Ronco and Montone formerly entered the 
sea, and from which the Lamone is a little less tliau (‘ight miles 
distant. As at this distance nothing was to be apprtdu'nded from 
the sediments of the Lamone, or from those of the; Primaro, 
Zendrini proj)OS<'d, as a [enn ision against all other inconveniences, 
that the ancient bed of the Ronco should be <‘xcavated to the breadth 
of thirty feet, and formed into a jMavigable Canal, by unit ing in it the 
clear waters of the Mills with those of the Drain of tIu'Cily : and he 
persuadi'd himself, that in this manner he could collect a sufficient 
body r)f water to di’ive bat;k aj\d sweep away the sands brought by 
the winds and by the sea. Similar precautions are generally very 
effectual, and 1 coidd havewishetl that, at Pisa, they had profltc'd by 
these instructions ; ami that, instead (»t raising the [larapets of the 
banks of the Arno — to ref ain the floods, whit:h an* b<;coming higher 
and higher, as much frmn the excessive breadth and winding of the 
last trunk of the river, as from the numerous sandijanks that are 
found there — they had rectified and contracted the mouth of the 

V 2 
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river, by extenditii;^ it into the sea by means of a double row of piles, 
according to what was proposed, towards the end of the last century, 
by the Ihigineer Meyer, as we have before relatetl. 

The plans of Zerulrini have not been strictly follow ed at Ravenna ; 
and instead of the Navigable Canal which he recominended, they 
have Ibrincd an excavation in the very Drain of the City, widening 
it, and prolonging it as far as the little tlitch, and working in such a 
manner, that, by means of long rows of piles, the waters are kept 
encased from this reservoir to the inoutli, which is not very far horn 
the Lamone. In this situation, and w ith so small a body oi water, it 
need not excite wonder that they hav(^ not been able to secure the 
harbour from the deposites of the Lamone and of t he sea. 

There arc several measures wliich might be adopted to improve 
the present harbour of Ravenna; and the [principal one would be, to 
conduct the Lamone into the Primaro. But, although no change 
whatever were to be made, either in regartl to the harbour or the 
Lamone, it is clear, that, as the mouth of this harbour is more tlian 
seven miles distant from the Primaro, il’all the waters of the Bolognese 
and of Low Romagna shoidd be united, as has been belbrc* staled, 
all their sediments could not possibly do any miscluef, t'ither to the 
drains, to the harbour, or to the na\ igation of the City of Ravenna. 
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Navigable Canals art; to those j)eo[)lc who iiihal)it inland eonn- 
ti ies, what Mauine Sc ience is to niaritiine nations : they arc tlu‘ 
rcisources hy which yVrt |)rovides against tl>e greate st difHcnIties that 
tlie nature of the infennediate spaces, as well as the distanc-e of’ re- 
mote' siluations, op[)o.sc's tr» that reciprocal assistance whicli the wants 
of socic'ty and commerce recpiire. The great navigations embrace 
the whole Globe, and c'xtend to all the principal objects of opulence 
and luxury ; the smaller navigations serve to procure all tlie inferior 
and more common |)roductions, at all sc'asons, and for nu'n of e\ cry 
class of society. Ttie foi incr offer to our observation, on account of 
the difficulty of their execution, one of the greatest efforts of the 
human mind ; the latter, not difficult in their execution, often recpiire 
all the subtilty and industry of Art in their construction. The most 
flourishing nations ha\e always liec'ii c'ngaged in cmterjirises of tliis 
kind, thus employing tlie studies and the leisure of peac:e. 

II. The Chinese — that singular pc'ople, wlio were several centuries 
before us in the invention of Printing, of Guti|)C)wder, and < f tlie 
Compass, and whom, nevertheless, we liave left far beliind in their 
application and their use.; who liave cultivated Astronomy and 
Painting without ever making any considerable jirogress in either: 
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and who, with a wish lo go into higher studies, occupy themselves, 
for the greater part of their liv^es, on a very complicated mechanism 
of n'adiiig and writing ; — have in no instance so much merited the 
|)raises bestowed on them by Travellers, as in that which relates to 
their dikes, their bridges, and their Canals. Among all the water- 
works which contribute to the riches, and to tire conveniences, of this 
extensive and pojnilous Empire, that Avhich may rival the glory of 
European Architecture is the Grand Canal, which joins the rivers 
Kiam and Hoamlio, and which forms a continued navigation, for 
more than three hundred leagues, from Canton to Pekin. 1 presiimc 
that a geographical reader will readily find all the names of the 
intermediate places on the maps. 

III. The lirst Masters in Scicnu'e, the Architects ol the Obelisks, 
the ancient Egyj)tians, who, with such elforts of industry, compelled 
the waters of tlicNile to fertilize th(‘ir plains, and to forma commu- 
nication between their cities, conceived a })lan that might have 
changed the whole face of Europe, by shortening the distance 
between it and the East Indies and China. They began a Canal, 
which was to estalilish a communication between tlie City ol Mt'inphis 
and the Arabian Gvdf, and so to continue (he navigation of the Nile 
aiul the Mediterranean. Strata), Diodorus, and Herodotiis clearly 
state the fact ; and travellers still distrover some vestiges of the 
w'ork. The Caliphs rousetl the slumbering genius of the nation for 
Astronomy, Geogra|)hy, and Physics : they also undertook to form 
the juiuttion of the two seas; but they did not carry on the works to 
any ex lent. 

IV. The wai like and conquering spirit of the ancient Romans left 
them no h'isure U) engage in enterprises of this sort in proportion to 
their knowledge and their greatness. The piojcct of Julius Cmsar 
to excavat<; a Canal from Rome to Tt'rracina, the plan for the union 
of several rivers proposed in the reign of Nero, and others mentioned 
by Pliny ;is the ideas of Trajan, w<‘re never carriefl into elFect. The 
(Janal by which Caius Marius supplied his camj) from the Rlu)ne, in 
the vicinity of Arles, was by no means an extensive work. We have 
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no account of tlic dale wlieu the Peterborough Canal, in England, was 
constructed. Loinl)ardy was tlie only theatre ou which the Romans 
chiefly distinguished themselves in undertakings of this description. 
Quintus Curius Hostilius made an opening into the Po I'rom tlie 
Mincio, which joined the Tartaro and the ancient Philistine' Canal. 
j®milius Scaurus drained the marshes ol’ Parma and Placentia by 
means of Navigable Canals. Augustus, l)y anotlier Canal, united the 
elifl’erent branches of the Po with llu' ports ol Adria and llaveMina. 

V. Even in the darkest ages some nionuments tjf similar works 
have been left. Odoacer has giveji his name te) a C'anal which went 
straight to the sea from the river Monlone before ii, n'ached 
Ravenna. The Aloors r)pened a much larger Canal from the City of 
Grenada to the river Guadiana, now’ called tlie (TuadaUjuivir. 
Charlemagne, in tlu' vast extent of his expeditions, undertook the 
project of forming a junction of the Mayne and the Rhine witli the 
Danube, and of the Ocean with the Black .Sea : he even began the 
Canal that was to join the Alinutz, one of the triljutaries ol the 
Danube, with tlie Rednitz, whieli discliargc's its('lf into tlu' Mayne. 
The two (Janals, which form the ciinnimnication of the Tesino with 
the Adda, and which unite at Milan, art; tlu; most pi'rfect and most 
celelnated work of 11 ydraulit; Architecture previous to the restoration 
of the Al ts and .Sciences. • 

VJ. The Tesino, issuing from the Lake Verliano, now called the 
Lago Maggiore, after winding and dividing its stream into s(;veral 
branches in a great valley, and afttaavards reuniting its waters into 
one bed, enters the Po nt'ar Pavia. Tlie navigation is free throughout, 
altliough in some places very dilHcult, [larticularly at a jui'cipitous 
pass, usually calletl del Pan Perduto. It is below this pass, that they 
have derived the NavigaliU; Canal from the '^resino, w'hich extends to 
Alilan, and which, at the |>lace di Abbiate, divides and forms another 
Navigable Canal, called di Bereguardo, that returns towards the 
Tesino. The whole length of the excavation is aliout thirty-two 
Italian miles: its Ineadth at the head, seventy Milanese cubits. But 
this breadth is gradually lessened in the lower parts, and is at last 
reduced to twenty- five cubits. 
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VII. The Adchi, riowing out of Lake Lario, now called the Lake 
of Como, forms by the expansion of its waters, first, the Lake of 
I^ccco, and afterwards the small Lake of Olginate; a little below 
which is a very steep fall, comiuonly called Ravia, the most 
dangerous passage, and the most dillicult to navigate : as the de- 
clivity t hen fails, the waters are sustained by a sluice of 125 cubits, 
which forms the little artificial Lake called di Brivio. At the dis- 
tance of about five miles from the Lake of Como, the bed of the 
whole stream is so confined, tortiums, and rapid, that it is no longer 
navigable in any way, for th(‘ space of five miles, as far as the Castello 
di Trezzo, It is in those parts that they have drawn from the 
Adda a navigable canal, called the Canal della Martesana, from the 
name of the Province through which it |)asses: its Icngtii is twenty- 
four miles, and its reduced breadth about eighteen cul)its. At the 
place di Cassano, they have drawn I’roni tiu* Adda another Canal, 
called della Muzza, which, b}' the great number of its blanches, 
waters and enriches all the plains of the laxlesan. 

V'^IM. According to tlie report ol’ Sigonius, in his History of the 
Kingdom of Italy, Book XI V. year 11/9. it appears, that the upper 
trunk ol the first Canal ol the Tesino, to the place di Al)biate, had 
been made long belbi’e by the Pavese, to irrigate the adjacent plains. 
According to (,’orius, tlu* cc/ntinuation of the same Canal from 
Abbiate to Milan was begun in 1 1//, fifteen years after the dismant- 
ling, or, as is commordy believed, the <lestruction, of that town l)y 
Fre<lerick Barbaro^sa. As the lestimonv of Corius, the first of all 
the Milanese Historians, is ver\^ clear, it a])])ears that what is read in 
the Chronicle ol Bossi, year 125/, ^vhat was said afterwards by 
Jovius, in the time ol Martin Torriano, and what is added by the 
same Corius, undi'r the ye.ar 12/2, of the preparation mad(‘, under 
Nappo Torriano and Otto Visconti, to excavate the mouth of tlie 
Canal, and to lead it conveniently into the City, are to be understood 
not of the commencement, l)ut of the contimuitioa and comj)letion 
of the whole work. 

IX. Most writers, and es[)ecially the Ullramontane, have lalien 
into an error in asserting, that the Canal della Martesana is the 
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work of Leonardo da Vinci, and that it was made in the time of 
Louis Xll. and of Francis I. Tins Canal was made in 1460, under 
the Duke Francis Sforza, as is attested by Peter Candido Decem- 
brio di Vigevano, a contemporary Author, and as may be seen in 
VoL XX. of the Writiiigs on Italian Subjects, Col. 1046. The im- 
mortal Leonardo merely joined the two Canals, towards the end of 
that century. The Canal of Martesana, when first constructed, did 
not contain so great a body of water ; and it was used for na^’igation 
only two days in the week, wIumi the openings for irrigation were 
shut. In 1573 , under the government of the Duke of Albuquerque, 
the body of water was augmented, and the whole (’anal estal)]ished 
on its present footing, as may be seen in the Report f)rinted by 
Settala. 

X. I have never cast my eyes on these Canals without feeling 
high respect for these illustrious Arcliitects, who found means to 
overcome so many obstacles. It was requisite, in both of them, 
to erect very great works at the entrance of the water, that the 
constant supply of a sufficient quantity might be secured ; and then 
it was necessary to construct several rc‘gulators to let olf the super- 
abundant waters from the freshes of the Tesino an<l of the Adda, 
as well as from some torrents that entered them with open moulh. 
The first Canal is supported, for several miles, by a stom; dike ; and 
for several more they were obliged to excavate through a very 
high bank. It was indis])ensable to conduct the second, lor the 
space of five miles, along a declivity, and to cut its bed tlirough the 
rock in sevci al places ; and afterwarrls to su|)port it, on the Iclt, by a 
dike of stones and earth, at the height of forty braces above the 
bottom of the Adda, which flows close to it upon a precipitous slope. 
It was further necessary to carry it across the torremt Molgora, by 
means of a stone bridge t)f three arches, and to [)ermit it to be 
crossed by the river Lambro, which enters and flows through it with 
all its floods. 

XI. But how useful soever and extensive such works, even in their 
first origin, might have been, their navigation remained very imper- 

X 



] 54 an essay on navigable canals. 

feet till the invention of those supports Avhich the Italians usually 
call Conche, and tlie French Sas, and Kcluses a porte bnsquie*. 
The Ancients had a method of moderating the too great declivity of 
rivers, and of retaining the necessai'y quantity of water, by means of 
certain sluicCvS, which were opened when they wished to let boats 
pass through. Belidor hixs described them in his Hydraulic Archi- 
tecture, Book IV. Chap. iii. It apjiears, that tlit^y resembled the two 
sluices constructed at Governolo, in the years 1198 and 1394, to 
support the waters of the Mincio on the Mantua side. When the 
Chinese wish to join rivers of very different levels, they sustain the 
beds by strong sluices, and form there great cataracts ; they then 
provide the machines that are requisite to raise up the vessels to 
the level. 

XII. The Chinese sluices render tlie navigatio very difficult and 
incommodious, and those of our Ancients are of no use where 
the fall is very great, and when it is required to remove vessels from 
one t;anal into another tliat is much more elevated. The doubling 
of the gates, and the contriving to raise and lower the level of the 
water within the enclosure!, was the e|w)ch when the last degree of 
perfection was given, in Kurope, to the art of navigating rivers and 
canals. For, by opening the lower gates, and causing the boats to 
enter between them and the upper, and then shutting the former and 
opening the dischargers of the latter, the waters flow in, and gradually 
rise to the level, at which the upper gates can be o[)ene{l to all’ord 
a passage into the higher canal. By working the contrary way, the 
vessels are returned with equal facility into the loAver cut. In this 
manner the waters, within the enc^losure, are brought at |)leasure to 
the level of the two Canals. The difference of the greatest and leiist 
heights is called the fall of the sluice. 

XIII. The sluices with double gates were invented, and carried 
into clFect, for the first time, on the Brenta, near Patlua, in the year 
1481, l)y two Engineers of Viterbo, of which circumstance Zendrini 


♦ With us, they are termed Locks,~V. 
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has preserved the memory in the xii. Chapter of his Book on Run- 
ning Waters. Leonardo da Vinci instantly availed himself of this 
great invention, to form the junction of the two Canals of Milan ; 
and by means of six locks, luiving, in the whole, a fall of seven- 
teen braces, he rendered the navigation, from the one to the other, 
free and commodious. The work was comjileted in 1497, under Louis 
the Moor, as may be seen, by the inscription placed on the side of the 
last sluice, where you read as follows : — Caiaractam in cUvo extrucn 
tarn, ut per inmquale solum ad iirhis commodifalem ultra citroque na/ves 

commearent Anno\49^ . The invention of these locks produced, 

moreover, the continuation of the Navigable Canals of Bologna, of 
Modena, and of st*.veral others in Italy ; and, above all, it gavt'. rise 
to a system of navigation generally practised, and well unilerstood, 
througliout the Venetian States. 

XIV. The first locks that were ever erected in France are those 
of the Canal ofBriarn?. ThivS canal was begun in the time of Henry IV. 
and the Dukcrof Sully, and was comj>leted under Louis XIII. and 
Cardinal Richlieu. Its length is eleven French leagues, and it 
forms a cornmimication between the I^oirc and (he Jjoing, which is 
one of the tributaries to the Seine. Uiuler Louis XIV. another 
Canal was drawn from the Loire, near Orleans, which flowed to 
meet the first Canal of Briarre near Moiitargis ? and us, in summer, 
there was an insufficiency cd' water in the Loing to snp|>lya <-ommo- 
dious navigation, under the minority of Louis XV. they dctermiiuid 
to rim another canal all along the banks of the river to the vicinity 
of the Seine; and this, properly speaking, is the continuation of 
the old Canal of Briarre. In this canal there are, in all, forty- 
two sluices ; and in that of Orleans, twenty. In the reign of 
Louis XV. and under the inspection of the celebrated Belidor, was 
formed also the Canal of Picardic, forming a junction betwe<*n the 
Somme and the Oise, which afterwards enters the Seine about five 
leagues from Paris. 

XV. Tins art has never been carried to a higher pitch than in 
the famous Canal of Languedoc, which forms a communication 

X 2 
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from the Mediterranean Sea to the Garonne and the Ocean. Boats 
pass in eleAcn days from the one sea to the other, traversing 
vallies and mountains, and ascending to the heiglit of 600 feet 
above the level of the two seas. The harbours of Bourdean.x Jind 
of Marseilles avoid, by this means, a circuitous route of communica- 
tion of upwards of eight hundred leagues. This great undertaking, 
projected under three other Kings, was at last perfected in the reign 
of Louis XIV., after a labour of fourteen years, at an expense of 
eleven millions of livres, without reckoning the additional expense 
of two millions more, incurred in re-establishing the harbour of 
(.’ette. Andreosi first suggested the plan, and Riquet directed almost 
the whole of its execution. He began the work in 1666. 

XVI. This canal begins at a lake nearly four miles in circum- 
ference, which, collecting the waters of Mont Noir, conveys them, 
at Naurose, into a grand reservoir, 200 toises in length by 150 in 
breadth ; whence the waters are tli.stributed to the right until they 
meet the Garoime, near Tmdo\ise, and to tlie left as f^ir as tlu; Lake 
of Tan, which is near the |)ort of Cette. The breadth of the canal 
is 30 feet, its length 125 miles 680 toises, which make 50} French 
leagues. Nearly a sixth part of this canal is carried over mountains 
deeply (‘xcavated ; and, at a spot called le Mai Pas, it crosses a rock 
cut into the form of an ar ch, eighty toises in length, four toises in 
width, and four and a half in height. It lias one hundr ed sluices, 
and a great number of aqueducts and br idges. They have laterally 
introduced several secondary canals, which both e.xtend and facili- 
tate the inland commerce of the southern pr ovinces of France. 

XVII. It is to Marshal Vaubini that they arc indtdrted for the 
per fection of this canal : etpially great in the studies of peace and 
of war, he successfully applied to it, in three hundred and thirty- 
three instances, the hints winch he had found scattered unpro- 
ductive in the Writings of the Italians. Riquet had committed an 
essential fault in its fir.st construction, when he permitteil various 
torrents to enter it, without taking any precautions against the 
substances which these torrents and the rains might wash down 



AN ESSAY ON NAVIGABLE CANALS, 


157 

from the mountains. At the end of twenty years llie grand Reser- 
voir of Nfiurose, as well as the Canal itself, was in a great measure 
filled up. Marshal Vauhan, in the first |)lace, caused a new canal 
to be opened, to avoid the necessity of the boats passing through 
this reservoir. He then, by means of si.K canal bridges, and thirty- 
nine subterraneous aqueducts, turned from the canal adl the in- 
fluent streams that had carried into it coarse materials. /Vnd, 
lastly, he opened discharging sluices along the whole line, to lay the 
canal dry, whenever it required repairs. This e.\:ample is t(»o lumi- 
nous not to be preserved as a memorial of what should be done in 
similar eases. 

XVIH. If the junction, made by Peter the Great, of the Baltic 
with the Caspian Sea, has not ecpialled the Canal of Languedoc in 
the science shown in its construction, it certainly surpasses it in 
extent of navigation. The whole of this work is now completed ; 
and Maishal Munich has had the glory of putting the finishing hand 
to it. Vessels from the Cas|)ian asceiul the Wolga a very great 
way above Casan, and then ]>ass into Ihe Tuertsa, which is one ot 
its trilmtarics. It is here that the Canal liegins, which flows into 
the river Sna, by which yon descend first into the Mesta, and thence 
into the Wolkowa; afterwards, into the Canal which runs along ihe 
banks of Lake Ladoga ; and lastly, jn tlie Neva, to Petersburg and 
the Baltic. They have also made another Canal, which esiablishes 
a communication l)etween the Wolga and the river Don and tiu; 
Black Sea. In Poland, tliey have 0|)eneil another communication 
from the Baltic into the Black Sea, by means of the Canal that 
joins the Vistula with the Boristhenes. 

XIX, The junction of tlu; Oder and the Spree is the work of 
Frederick William, surnamed the Great hileclor. Tin.* m,>st ancient 
Canal in Flanders is that which goes from Brussels to the Scheldt, 
a work of the beginning of the last centmy. The Canal, by wJ>ich 
the Meuse communicates wath the Rhine, was begun in It 

will forever be remembered, in History, for tlie manner in which the 
Marquis of Spinola protected the execution ot it. The Canal from 
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Ghent to Ostend is the work of the [)resent century. As the 
rivers in tlie Low Countries do not carry course substances, have but 
little slope, and run on planes of nearly the same level, it is a very 
easy matter to render them navigable, to unite them, and to derive 
from them numerous navigable canals. This, however, does not 
|)rcvent Holland I'rom exhibiting, in the multitude of its canals, a 
very interesting and uncommon spectacle to the eyes of a philoso- 
phical traveller. 

XX. There are several other great projects of this descrijition that 
at present engage the attention of the most polished and enlightened 
nations of Europe. In France, it is proposed to form a junction 
lx:tvveen the Saone and tlie Armancon, one of the tributaries of the 
Yonne ; and, by this means, to form a communication between the 
Rhone and tlu' Seine. In Spain, some Italians have had the merit 
of forming a navigation from Madrid to Aranjuez. In Irtdand, they 
are constantly extending the navigation of the river Shannon into 
the heart of the kingdom. In Scotland, near Gkisgou", the two 
seas on tlie East and West run so far inland, that they leave an 
isthmus of but a few leagues to pass from one Frith to the other, 
Tlie rivers that: fall into tliese Friths might l’a(;ilitate tlu; construc- 
tion of a Navigable Canal, which would save the long and dangerous 
circuit of the Northern Coasts., This work is going on. 

XXI. In Fhigland, the Duke of Bridgewater has, within these 
last years, left a monument of his enterprising genius in the Canal 
which passi^s from the town of Liverpool to Warrington ; and, after 
running for a considerable distance under a mountain, leads to his 
Coal Mines, and to Manchester. This example could not prove 
stt'ril in the Country of Filizabeth, and of Newton. The Nation that, 
by a glorious war, is become mistress of the most distant seas, has 
em[)loyed herself during peace in forming a more easy communica- 
tion between the seas that are near her. They have begun a Canal 
near Conglcton, to join the Mersey with the Trent and the Humber, 
and have already overcome the principal difficulty in the under- 
taking, by forming an arch under a mountain for about a mile and 
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a half. And, that nothing might be wanting to the interior com- 
munication of the kingdom, a junction has been proposed between 
the Trent and the Severn, winch How.s into tlie Bristol Channel. 

XXII. A still greater project at ]>resent occupies the most 
enlightened Nation of the North. The passage of the Sound is 
becoming more and more difficult, in proportion to the extension 
of the slunils and the heightening of the bottom of the Baltic. A 
free communication between the Baltic and the Ocean, tlirough the 
interior of Sweden, woidd be the era of the aggrandizement of the 
commerce of thi.s flourishing Kingdom. In its interior, tluax; are 
two extensive lakes, the Wcter and the Wener. They descend from 
Lake Weter into the Baltic, by navigating the river Motala. The 
River Gotha flows out of Lake Wener, at Wenersburg, and enters 
the Ocean at Gothenburg. If the navigation of these two rivers 
could be rendered commodious, and the two lakes were joinctl l)y a 
navigable canal, it would afterwards l)e easy to pa.ss by means of 
another cfinal from Lake Wener into Lake Heilmar, near Orebro; 
from which, in the time of Charles XI., a passage was open into l^ake 
Meier, that extends to Stockholm. A good ma|) of Sweden will 
at once show all these places. 

XXI II. The greatest difficulty attending this scheme consists in 
rendering tlic Riv(*r Gotha mivigahle a litth; below Wc'nersl>virg, 
where there is a dreatifid pass, called the Bass of Trollhattan. At this 
pass, the whole bed of the river is so very irregular, and so studded, 
or rather interrujvtetl, by large rocks, tliat iu three different places it 
is reduced from its ordinary Inemlth of flOO Swedish feet* to one of 
little more than 100 feet; and, us the bottom has a considerable 
slope, the waters, repelled and eonfnuxl on all sides, form thrtic great 
cataracts, of which tlu> total fall is 1 13;'^ Swedish feet, on a length 
of about 7,000 feet. Tlie human mind was not to be confounded 
by the fury and impetuosity of a river likt; this. From the earliest 
times men have sought the uu;ans of makiug, at the pass of Iroll- 
hattan, a navigation, free, commotlious, and durable. 


The Swedish foot is about J 1-J English i!iclie.s. — T. 
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XXIV. In the days of Gnstavus Vasa, and of Henry and John his 
sons, nothing else was either thought or spoken of. Under the third 
of his sons, Cliarles IX., they began to do something more : they 
remo\ed the impedinients from the bottom at the place called 
Carls - Graff. Gustavus Adol[)hus, almost constantly employed 
abroad, had no leisure to consider this scheme : his daughter Chris- 
tina gave it much attention ; but, as she believed that the work was 
imj)racticable at the Pass of Trollhattan, she directed that some other 
less ditlicult situation should be selected for the purpose. Charles 
Gustavus was constantly engaged in wars against Denmark and 
Poland. Charles XL, despairing of being able to render the river 
Gotha navigable, and finding the track projected in the time of 
Queen Christina was too expensive, ordered a third to be traced, 
which proved equally impracticable. Charles XIL, accustomed to 
surmount the gioatest obstacles, sent for the celebrated Polheim in 
171 6 , and soon aftc^r agreed with him on all the conditions under 
which, in five years, he was to render the Pass of Trollhattan 
navigable, and open a free passage from the Baltic into the Ocean. 
Execution always followed the orders of this enterprising and resolute 
Prince : materials were instantly collected ; and the first sluice, 
half a mile above Trollhattan, was completed, when the death of the 
King turned aside the views af the Public, and otherwise engaged 
its attention. . 

XXV. Since 17«'> l 5 the whole project has been again resumed, but 
with the adoption of very different measures. It was now determinetl 
to distribute the whole fall of 113- feet among three sluices onl}'^ : the 
first to consist of 28, the second of ^52, and tlie third of 33-^. These 
sluices were to be constructed alongside of the three cataracts,' 
and Avcrc to be each 18 feet wide by 7^ in length. The work 
advanced successfully, until they attempted to throw a wear across 
the river at the gulf of the last cataract, to raise and retain the 
water above it. The imjretuosity, with which the whole stream is 
precipitated, had juevented them from sufficiently examining the 
bottom. They had conjectured, from the nature of the neighbouring 
mountains, that the bottom must be of rockj and it was further 
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supposed that there could not be more than ten feet of water. Both 
these suppositions proved erroneous : the depth of the water was 
from 20 to 25 feet at least, and the bottom was composed of large 
detached stones, which were inca[)able of being fixed liy any efforts 
of art. The caissons of stones, although fastened together with 
cramps 4 inches thick, and attached by great piles to the mountains 
on both flanks, were swept off and dispersed by the impetuosity of 
he current; and, in this manner, all the works were destroyed. 

XXVJ. The sum of twenty-five thousand sequins annually, which 
the last Diet had assigned for this great enterprise, revived the hopes 
of better success. It was resolvetl to avoid this tlangerous [tass 
entirely, by means of a fixed brjincli of water, which should issue 
from the River Gotha, and afterwards enter it. The whole length 
of this Canal was to be about 8,240 feet, and tlie total fall of 113 - feet 
was to be distributed, in the s[)ace of the last 3,000 feet, among seven 
sluices or locks, each 3() feet in breadth, by 200 in length. The first 
sluice w'as to be l/ ^ feet in height ; the others, 16*. The first 
sluice was to stand alone; but the four following were to be close 
to each other, as were also the two last. Between the fifth and sixth 
sluice, the Canal was to be protected by a strong dike against the 
floods of the river. There was to be a great ilischarger l)etwcen tin; 
first sluic'e aiul the water entrance, not far from the ccntj e ; and at the 
entrance itself two doors or gates, to lay the Canal dry,' when required. 
The annexed plan (Plate II,) will show’ the track, and the principal 
difficulties, w hicli were, to keep up the !)cd through a morass for the 
full space of more lhan 800 fe(;t, and to (excavate the rock in four 
different places making altogether a little less than 2,000 feet. 

XXVII. When, in 1516, Francis I. had made a grant to the City 
of Milan of the sum of five thousand golden ducats, to be ( xpended 
in the construction of some Navigable Canal, a project wa.s in agita- 
tion, in some respects analogous to the Canal of Trollhattan. The 
Canal that is derived from the Tesino continues the nac igation of the 
upper and the lower trunks of this river to the Lago Maggiore on 
the one hand, and, on the other, to tlu; Po and the Sea, as stated 
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above in Panijs>;raph VI. JBut the Canal of Martesana originates in 
a trunk of the A<Jda, of which the bottom is so steep and so ii regular 
for n[)wards ol’ six miles, that one cannot ascend to the upper trunk 
of that river and the Lake ol' Brivio, from which the Adda begins 
again to be navigable as far as the Lake of Como. See Paragraph VII. 
The nature of a great river, flownng unequally, and on a very great 
slope, between mountains, was not able to damp the courage of the 
ancient Architects, Pagnani has left us, in a small Work, all the 
details of the plan, which was concerted in 1519 by the Engineers 
Massaglia and della Valle, after a public inspection. 

XX VII I. In the first place, they made no objections to the 
lemoval of t;erlaiu great masses, which obstructt^tl the navigation of 
the Adda, in the vicinity of the Castello di Trezzo. Nevertheless, in 
this case, and in others of a similar kind, it is of importance to be 
cautious, and to remove notliing but what actually impedes the 
navigation, neither clearing out tlie bed of the river too much, nor 
rendering its course more free than is absolutely necessary ; because, 
iii general, tlie rocks and the stones that impede the flow of a river, 
jjerform the functions of so many natural wears, by retarding the 
current, ami detaining the gravels and the other coarse substances. 
When the bed of a stream is set free from every imj)edimcnt, 
and the I’orce and impiituosity of its waters are consequently 
increased, the river must necessarily carry into its lower trunks a 
much greater quantity of gravels. I have sufliciently explained these 
principles in the First Book of tin; Treatise on Rivers, and supjjorted 
them also by the examples of the changes that hax e hapj)ened, 
during this century, in the Arno and the Reno. The attention, wliich 
it is necessary to bestow on the lower canals of irrigation, will always 
justify the precautions that have been suggested to prevent the 
spreading of the gravels, which the Adda already Iwings down in such 
abundance in the time of its floods. 

XXIX. The obstructions of the rocks once removed, the Adda 
might be ascended for five miles above the place where the water 
enters the Canal of Martesana; so that the chief obstaefo to continuing 
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the navigation to the Lake of Como would be reduced to the sole, 
but most critical, s[)ace of about 4,280 braces, lylftg higher up. The 
whole bt^d of the stream, in this space, is so very irregular, so steep, 
and so studded with rocks, that it is impossible to |>as8 along it 
without danger. According to old levels, which we have for the 
whole of this space of 4,280 Milanese braces, making about 8,5/7 
Swedish feet, the total fall is 46 braces, which make 92 ^- Swedish 
feet. The [wincipal diiliculty here, then, is, to divide these 92^ feet 
of height on a length of 8,5// feet, as in the Swedish Canal, and at 
the Pass of Trollhattan, describcul above, it was, to distribute 1 13-i 
feet of lall on a length of 8,240 feet. 

XXX. As these first Engineers despaired of being able, liy all the 
assistance of art, to render the l)ed of the river navigable througU a 
pass of this nature, they projmsed to run a fixed branch from it, by 
excavatii\g a canal of 18 fjraces in a little valley contiguous to the 
Adtla, on the right, calU'd della Rocchetta, and to compel tlu' water 
to enter it by means of a strong sluicti, / bra<'es deep, and su[)])orted 
by three rocks, called the Three-Horns. The |)lane of the Valley of 
Rocchetta is dis[)osed in such a manner, that IVw the first 3,220 
braces, in descending, the whoh^ Canal wouUl be sunk in the earth : 
in the next 1,060 braces the surface of the ground is lower by 18 
braces, and there renmins a desc ent'of 28 braces more to reach the 
bottom of tlic Adda. Micssaglia and della Valle prb|K)sed to make 
four locks, each 4-] braces in height, to take up the fall between the 
two first levels, so that they might not lx*, compelled to restrain 
the Canal w ithin embankments for the space of the last 1,060 braces ; 
and they projjoseil, further, to descend into the Adda by six (Jther 
locks of an equal height. 

XXXI. Towartls the end of the sixteenth century, when the work 
was to commence, the Engineer Meda proposed, instead of ten 
locks, to make only two, the one 30 l>races in lieight, and the other 
1.5 ; so that, on this occasion, there occurred exactly the reverse of 
that which was projected in the case of the Swedish Canal, where 
they began wiUi proposing very high sluices, and then ado[)ted tlie 
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expedient of increasing their number, and consequently diminishing 
their height. The Vails of the two locks of the Adda were con- 
structetl a few years afterwards under the direction of the Engineer 
Barca. The excavation was then made as it now appears ; and, ac^ 
cording to some plans that 1 have seen, they also erected a sluice, 
which crossed the bed of the river. I have not, indeed, found any me- 
morial of the accident that destroyed the sluice, and rendered the ex- 
cavation useless ; but, after a personal inspection of the spot, 1 have 
inferred the existence of what might probably have been the tact. 

XXXII. The ground, in those parts, is composed of gravel, sand, 
and earth. Under the surface of the plains in the vicinity, and on 
the sides of the mountains between which the Adtla flows, tlie soil is 
no longer so loose, and it there begins to have some consistency. It 
afterwards forms, in the bed of the ri\'er, a s|)ecies of sandstone, of 
which the hardness is unequal, and not very great, anti which is 
vulgarly called viorogna. The Valley of Rocchetta being very 
narrow at its entrance, it was not possible to keep the ext:avation 
very distant from the Atlda for several huntlred cubits below the 
opening to adtnit the water : and, tis it was alisolutely l etjuisite, for 
the convenience of the navigation, that the Canal should be nearly 
horizontal, it became necessary to kee|) it always gradually higher 
than the very sloping bottom of the Adda, which was (piite conti- 
guous to it. This being admitted, any crack that accid(;ntally opened 
itself in the left bank, or in the l>ed of the Canal, would very soon be 
enlarged by the impetuosity of the waters, to which there was, on 
one side, a precijiitous fall into the river. I believe that it was 
precisely in this manner, that the deep and spacious hole, which is 
found a little below the entrance of the water into the Canal, was 
formed. The waters being thus turned into the Adda, they were 
obliged, that they might avoitl the evils of the floods, to demolish the 
sluice, and to re-establish the river in its primitive state. 

XXXIII. I was witness to a similar accident, which happened 
in the Canal of Bologna some years ago. The waters opened 
themselves a passage through a hard bed of sandstone, in which the 
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Opening of the canal is dug, a little below the sluice of Casalecchio ; 
and having, at this jjlace, a very great fall on the bottom of the Reno, 
which is contiguous, they soon very much widened the breach, and 
Would have ruined the navigation, if a sjieedy remedy had not been 
applied, in a thorough repair of the damage, at a heavy expense, by 
means of a double wall of stone and jjozzolana. Therefore, in the 
case proposed, and in all other similar instances, where it is required 
to make an horizontal excavation through bad ground, or a loose 
soil, and near a stream of great declivity, it is essential to the 
security of the undertaking that the side of the canal, nearest to th<j 
river, should invarialily be supjmrted l)y a strong stone embankment, 
precisely as is done in the first trunks of the two other Canals of 
Milan. 

XXXIV^. Pagnani has, moreover, left us, in the Treatist; bei’ore 
cited, an account of the levels, and other operations of art, undertaken 
by I'ormer Engineers, to ascertain whether some navigable <;anals 
might not be projected in Lombardy; and, al)Ove all, to determine 
the practicability of joining the Lake of Como with the neighbouring 
lakes. In the first place, they found, that tl»e surface of the Lake of 
(.'omo was 48 braces lower than the surface of the Lake of Civate, 62 
braces lower than that of the Lake of Pusiaiio, and about 100 braces 
below that of the Lake of Lugano. Further, that the Lakes of Como 
and Lugano are, at the point of their nearest apj)ro.^imalion, in the 
Valley of Porlezzji, about six miles distant from each otlier ; and that 
they are separated by a very high ridge, which would render any 
attempt tt) o|)en a Navigaf>le (kinal very arduous, even independently 
of the very great dilference in the levels. Tlie general map of 
Lombardy will, on a slight inspection, show’ the places, without 
reipiiriug the addition of particular surveys. 

XXXV. The same Eaigineers found, that the scheme of running a 
Canal from tlm Lake of Lugano, by the Valley of the Gloria, to 
Milan, was impracticable. It might, however, be [lossible to render 
the Olona navigable below Tredate, provided the waters were 
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retained in the last trunk by means of some well situated locks, 
and the upjjer mills were so placed as not to interrupt the lied of the 
river. In the project to render navigable the Tresa, which is the 
outlet by which the Lake; of Lugano discharges itself into the Lago 
Maggiore,theseEngineers found difficulties from the deficiency in the 
body of the water, and from the too great slope of the Tresa : to 
which it may be added, that several torrents, which enter it, carry into 
it stones and gravels. But it is very strange that these Engineers 
never thought of another project, of which the execution would be 
very easy, as well as very convenient, and highly useful : this is, to 
make navigable the Boza, wliich is the outlet of the little Lake of 
Varese into the I^ago Maggiore. 

XXXVI. The scheme of conducting a Navigable Canal from Milan 
to Pavia is of a much older date : it would be the shortest way of 
joining the two Canals of Milan with the Tesino, the Po, and the 
Sea. Galeazzo Visconti, the father of Azzon, began its excavation : 
they even constructed the walls of a great sluice, such as they are 
still seen at present. In \ 564, the complelion of the work was made 
the subject of considerable discussion. It was imagined, that the 
expense could not be very great; and, that, by giving the sluices the 
common height, a great number would not l)e retpiired. The enter- 
prise was aljandoned afterwanis; because the Canal of Bereguardo, 
althougii it did hot reach the Tesino, w as found sulficient to keep up 
the commerce btstween the two Cities of Milan and Pavia. Pagnani, 
in the same Treatise, mentions some other projects of a similar 
nature, to which we deem it unnecessarv to advert. 

XXXVIL In Italy, another great underlaking has been agitated ; 
namely, to render the Tiber navigable from Porite-Nuovo, below 
Perugia, to tlu; entrance of the Nora, from which tlie navigation; 
begins to be tree, and without inteiTuption, to the sea. MM. Bottari 
and Manfredi have given an able Report of an inspection which they 
made of the Tiber in 1^32. In this Report they laid it down, as a 
first princi|)lc, derived trom experience, that to navigate any river 
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with facility, particularly against the stream, it is requisite that the 
slope should not exceed three Roman j)alms * per mile. Now, as 
the fall of the Tiber is 8 or 9 |)alms, they calculated that it would be 
very ilifficult to steer tlie boats down the river, and still more dif- 
ficult to conduct them up against so rapid a stream, es}>ecially in 
some places, where the fall Avas even greater, and where, conse- 
quently, the stream must for ever remain impassable. They, more- 
over, pointed out very clearly the difficvilties, and the tlangers, which 
must be encountered in adopting the different expedients that had 
been proposefl for reducing the excessive slo{)e by wears, for re- 
moving the detached stone's by manual labour, and blowing up the 
obstructing rocks by mines, and for improving the l)ed, in certain 
places, by chanpng its course, or by contracting or enlarging its 
ilimensions. 

XXXVIll. The schemes for rendering tlie bed of the Tiber navi- 
gable having been thus refuted, they inquired, in the same Report, 
whether a Canal, for boats (>f a moderate sii5»' and snitabUr burden, 
might not be formed exteriorly to the river ; <)l)serving the nature 
of the soil through which the Canal must [)ass, the frequent ci oss- 
ings that would be required from (»ne side to the other, the number 
of dikes and sluices that would be wanted, and the other works that 
would be necessary to secure the navigation against all accidents, 
and particularly those from floods. These very Aufchors coJicluded, 
that this undertaking ought to be regartletl as of very difficult exe- 
cution ; and they advised, that it should be abandoned, rather than 
attempted. They next examined the plan of making the Tiber 
navigable to Rome, pro|K)sed by the Kngiiu'er Chiesa, in his Report 
printed in 1745. 

XXXIX. Eustace Manfrodi has left n.s some things in tliis First 
Report, which may serve as rules in similar cases. Several other 
Writers have treated on Navigalile Canals in general, and chiefly 
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Guglielmini, in Chajjter xii. of his Book on the Nature of Rivers, 
and Bclidor, in Book IV. of Ins Hydraulic Architecture. That 
which Belidor has stated in the First Paragraphs of Chapter vui. and we 
have mentioned in Paragraphs XXXII. and XXXIII., will suffice for 
the principal elements of the excavation of Canals. To reduce to its 
first principles the scientific j)art of this very important subject, we 
will consider, in their order, 1st, The derivation of the Canal. 2d, 
7’he regulation of the <|uantity of Water. 3d, The clearing out of 
the Bottom. 4th, The construction of the Sluices. 5th, The distri- 
bution of the Slopes. 

XL. Navigable Canals are fonned, either f>y collecting in them the 
watei's of springs and rains, or by deriving them from some river. 
In the first case, which is that of some Canals in France, it is 
requisite to examine fully the nature of the springs, as well as to 
ascertain the quantity of tlie evaporation, and of the rain that falls, 
so as to ensure the quantity of water required. In the* second 
ease, winch is that of almost all other Canals, it is usually necessary 
tliat a sluice, or dike, should be thrown across the bed of the river, 
to com])el a portion of its stream to flow consUintly into the opening 
of the Canal. When the water in the rivers is not very abundant, 
or their bed is too free and too wide, or they can turn the emrent 
of their stream this way or that* way, acconling as the deposites of 
the gravels ma^ have been left, on the one side or the other, during 
their floods, it becomes necessary to impose on them certain restric- 
tions, that they may be made to furnish a supply, at all times, to the 
Canal, adequate to all the jjurposes of the navigation. 

XLI. The most extensive work of this nature, that I have ever 
ins})ected, is the Wear at Casalecchio, which serves to turn the 
Reno into the Canal of Bologna. The Canals also of Martesana 
and of the Muzza are derived from the Adda, by other great sluices ; 
but the Great Canal of Milan begins without the usual assistance of 
sluices, and its bottom s[>i eads itself forward over that of the Tesino. 
The first Engineers, unwilling to internipt the free navigation of the 
river by a sluice, found means to draw from it a fixed branch of 
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water by works of a different description. The Tesino, a large, rapid, 
and irregular river, which, in other places, both above and below 
this, often changes its bed, as all rivers do that carry gravels, is 
here so enclosed between its dikes, that it never fails to supply the 
required cjuantity of water to the canal. I have had occasion to 
be at this place several times during the floods, and I have been 
astonished to t)bserve witli what impetuosity and fury these works 
were assailed by the current. 

XLll. The nature of the spur, which defends and secures the 
angle of derivation of the waters of tlie Canal from the Tesino, 
formerly underwent great changes. Sometimes the Tesino tlirew its 
whole stream into the Canal, and interrupted the navigation by the 
accumulatetl gravels, which it left deposited in the bctl ; at last, in 
1585, aftca- a grea t flood, which came down on thcj 7th of August, the 
City being destitute of j)rovisions, the spur, by the advice of the cele- 
brated Engineers Bassi, Pellegrini, and Meda, was repaired and 
lengthened. At this time, it received the shape which it at present 
retains; and those works were constructed above it, which yet c'xist 
on the right and left shores of the Tesino, and whicli, as they are 
still to be seen, it is unneccissary to describe. Although an aj)pre- 
hension,thattheTesino might recede too far from the Canal, gave rise 
to the very difficult [»lan onc e in agitation of rectifying and changing 
the bed of this rivc*r, the experience of the j)asl serves* to assure us, 
that the [)resent works will yc*t sca ve for a long time. 

XLIII. In other (ordinary cases, whc‘n a fixed Ijranch is to be 
drawn from a stream to continue a navigation that is not practicable 
in the bed of the rivc'r itst'lfi the work must bc'gin with traversing 
dikes, or wears. Tlic general rules for erecting tliem are very accu- 
rately laid down by Bacciali, in a Dissertation prinU;d in the Fourth 
Volu me of the Proceedings of the Academy of Bologna. In the c;ase 
of which we are now speaking, great care must be taken that the 
height of the dike, and the de])th of the water that is to flow into the 
canal, maybe the smallest possible, consistently with the uses of 
the navigation ; not oidy that less height may be given to the sluices, 
but also to diminish the labour that would be recpiired to support 
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the sluices, the banks, and the dike itself, against the increased 
pressure of a greater body of water. This is an important precaution, 
but it is not the only one that must be employed to prevent navi- 
gable canals from being overcharged in the time of rioods. 

XLIV. In tlie Canal, which, at Pisa, forms the communication 
between the Serchio and the Arno, and which is believed to be the 
work of Lorenzo degli Albizzi, 1 have observed the skill with which 
they have contrived to prevent the great freshes of the Serchio, 
although they are very heavy, and come down in a few hours, from 
throwing more water into the Canal than is necessary, by construct- 
ing, at Rijjafratta, very strong sluices, which are easily thrown 
open. All this mechanism was requisite at this spot, because 
the Canal, lor a long space, is so encased, and, as it were, buried 
in the land, that there is no vent or outIc;t for the waters. In 
a canal, which is to carry a large body of water, and which must 
necessarily run in almost the same direction with the stream of the 
river, as in the Canal projected for the higher branch of the Adda, 
all works, opposed in froiit to the imj)etuosity of the stream, would be 
useless. The only plan to be ado|>ted in such a case is, to let all the 
suyjerfluous waters flow over the banks of the canal into the river. 
This is precisely the manner in which the other Canals of Milan are 
constructed ; free entrance bekig given to the water, they are flanked, 
for a considerable distance from their head, by an embankment, over 
which the waters flow when tlie floods exceed their ordinary height. 

XLV. But these jirecautions are not sufficient for those >vaters, 
which may be thrown too far forward by the impetuosity with Avhicli 
they enter the Canal ; or for those, which lall fiom the neighbouring 
heights, or are brought down by other tributary streams. To release 
itself of these, the whole canal must be furnished with adequate 
discharging outlets. The Canals last mentioned are all so well 
provided with these, that the highest floods of the Tesino and of the 
Adda can never cause any damage, if care be always taken to adjust, 
in good time, the shiices at the head, and to oj)en the outlets along 
the lower parts of the canal. In the Canal of Martesana, in parti- 
cular, there are, both above, below, and opposite to the entrance of 
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the Lambro, nineteen outlets, placed with so much skill, that they 
suffice, not only to let off all the floods of the Lambro, but even to 
discharge half the waters of the Canal besides, or nearly that quantity; 
so that the torrent Seveso, of which the capacity is I’eckoned to be 
nearly equal to half the volume of the Canal, on entering it a little 
lower down, does but raise the body of water to the usual height. 
The ancient discharger, at the [dace called Mondrone, to which the 
overflow of the Lambro extends, and where the torrent Molgoretta 
enters the Canal, had been destined for the same purpose. 

XCVI. The floods of the Adda occur generally in summer, in 
consequence of the melting of the snows oi» the mountains. The 
Seveso, the Lambro, and the Molgoretta, of which the courses are 
neither so long, nor run so far back among the mountains, commonly 
swell in summer from storms, and in the autumn from heavy rains. 
To jjreveut all accidents from the floods, when they descenil at tlie 
same time, and to supply the tlefect of the outlets, which might 
happen Tiot to be opened, they have taken an excellent precaution, 
by making all the redundant waters, before they reac:h Milan, 
discharge themselves into the outer ditch of the town named Redc- 
fosso, into which they fall through six spacious gates, as from the top 
of a sort of precijiice. The waters of the Redefosso, after difl'erent 
ramifications, flow at last either into the Lamliro, or into the Canal 
della Veexhiabbia, which is the chief vent for the waters of the two 
canals reunited, after making the circuit of the town. The detail of 
the ramifications would not be interesting to strangers, and it is 
sufficiently well known at Milan. 

XLVII. We have very accurate observations on the causes of 
those inumlations from the floods, which, in times past, incommoded 
several quarters of the City. Since I7fil> hy taking merely the 
common precautions of regulating and oj)ening, in proper time, the 
outlets of Loncesa, Vaprio, and the Lambro, no overflow has taken 
place, although, in the months of May and June of that year, it 
rained incessantly for forty tlays ; and two very great flt)ods of the 
Seveso and the Lambro came down within a few days of each other. 
The same thing happened in the spring, and the summer, of the 
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following year ; and in the month of November, when all the waters 
of the lledefosso overflowed the quarter of the Tosa Gate, it was 
ascertained that the outlets of the L(aml)ro liad been left shut, 
and the inundation ceased the instant they were opened. Ex|)erience 
thus clearly shows, that this quarter may be secured against all 
inundations whatever, jjrovided that, on the first signs of a flood, the 
proper use is made of the sluices. The inundations on the side of 
the Roman Gate are occasioned by accumulations in the ditch by 
w'hich the Redefosso empties itself into the Vecchiabbia, and by 
other ol)structions to its course, which it is unnecessary to mention. 

XLVIII. The first Engineers, after having thus provided against 
accidents from the floods, considered next the means ot keeping the 
upp(a* beds of the two C anals perfectly free from gravelly dt;posites, 
and other coarse substances ; but, with respect to the accumulations 
on the bottom in all the lower trunks, and in the circuit of the City, 
tliey suggested no other expedient than the applicatitm of manual 
labour. The Science of Rivers, and of Navigable Canals, would be 
greatly simplified, if tlie vvaters were always limj)id and clear : it is 
the substances intermixed with them that form the princij)al diffi- 
culties. In the present case, it has been frequently under considera- 
tion, whether it might not be prat:ticable, by some other means, to 
provide for this branch of tlje<h'vil Police, and to guard against the 
evils of bad aif, in avoiding the inconvenience of cleaning out, from 
time to time, the wdiole Canal. It has even been jnoposed to leave 
all the sluices open on holidays, when the mills are not worked, and 
then to stir up the bottom with rakes, that the waters, running 
swiftly into the vent of the Vecchiabbia, might carry into it all the 
de[)Osites. But it would not be an easy matter to stir up the wdiole 
bottom ; and the readier mode, of lea\ ing all tlie sluices open, would 
not, perhaps, supersede- the necessity and inconv enience of clearing 
out the Canal by manual labovir. 

XEIX. The two first sluices, which are met with in descending 
the Canal of Martesana, in the City, are 500 liraces distant from each 
other. The last sluice is distant from the outlet of the Vecchiabbia 
about 1,500 braces ; ;ind below this outlet there is another branch of 
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the Canal, 3,756 braces in length, in which there is no shiloc. In 
this manner, although the o\itlet and the sluices have each a fall of 
some braces, and the whole fall, from one end of the lower ditch of 
the town to the other, is very considerable, the total slojje, neverthe- 
less, is not uniformly distributed ; and, for several h)ng intervals, 
the lower ditch docs not j)ailake of it in any degree whatever. 
When once they shall have cleared out the whole channel, and 
alFordetl a free course to the stream, this course will become slower 
between the first and the second sluice, and between the last and the 
Canal of Vecchiabbia ; and hence the substances brought down from 
those places, where the fall is greatest, will accuimdate, and th(‘ waters, 
forming of themselves a new impediment, would gradually lose the 
force required to carry other sulistances further r)u. Thus, since 
manual labour cannot, on this plan, be avoided, the best measure 
to be adopted would perhajjs be, to jender it more commodi<^us, by 
making continual use of some of those machines, which are employed 
both in France and in Italy, and which are found sulficieut to pre- 
serve the necessary deptli in several harbours and canals. 

L. They have sufficiently [)rr>vided for the clearing out of t lu* beds 
in the upper trunks of these two ('anals, where storus ami gravels are 
brought down in great alnmdance with the stream, by placing in tiu;m 
a number of dischargers, sufficient for the purpose, called bottom, or 
ground, sluices. This sort of outlets should be ooustructetl in 1 lu* bank 
of the canal, on the side nearest the rivt*r, in such a manner that tlu!ir 
sills may be considerably lower than the bottom of the canal itself. 
The waters, that are occasionally suffertMl to pr('cipitate themseh es 
into the river from such apertures, ac<piire great \elocity ; and those 
which pass being accelerated, those which follow- are ac( (“le- 
rated also, by reason of the adh(*sion and tenacity natural to the 
particles of water. As this acceleration extends a considerable w ay 
from the Ojwming, the grosser substances not only are detached 
from the bottom, but the excavation also is prolonged to a distance 
from the opening. With scneral sluices of lliis kind, whicn are 
opened at [)roper times, and which are so distributed, that, at the 
spot where tlie action of otie ceases, that of another begins, the 
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gravels, which had entered the Canals, are forced to throw them- 
selves again into the river in the least space of time possible. 

LI. Some Autliors have jjroposed expedients to prevent any sort 
of gravels <rom entering into canals. Eustace Manfredi, in treating, 
as it is said, on the means of drawing from the Tiber a fixed branch 
from Ponte Nuovo to below Perugia, proposed the construction of 
a wear, of eight Roman palms*, which, in consetpieiice, raised the 
surface of the water eight palms. He directed also, that the sill of 
the entrance, at the head of the Canal, shoidd be five Roman palms-f- 
Ijelow the heightened surface of the l iver, so as to retain in the Canal 
the siifficient depth of five palms of water ; and, by the three redun- 
dant palms J, to prevent the introduction of any pebbles. Further, 
he considered how' the bottom of the river might be prevented from 
rising above the wear; and he thought that this might readily 
be enected by the formation of openings, to be closetl with (>Ianks, 
boards, fascines, or other moveable substances, to be used in the 
time of floods. And, finally, in the detail of the scheme, he pointed 
out the several precautions that should be taken to turn aside all the 
tributary streams, by which any gravel might be thrown into the 
canal, as taught by Guglielmini, in the xu. Chapter of his Rook on 
Running Waters. 

LIl. Belidor, in the vi. Chapter of his Book above ipioted, 
has suggested the idea of receiving the waters into a great reservoir, 
in which they might deposite their gravels, and other coarse sub- 
stances, before they taitered into the canal ; but, although this plan 
has been practised in the famous Canal of Languedoc, it is always 
liable to the objection, that it is extremely difficult, and extremely 
expensive in the execution, and never applicable to any case, in 
which it is necessary to draw a fixed channel of water from a great 
river mnning between mountains, or of which the banks are very 
high. Manfredi’s expedient must alw'ays fail in rivers whose course 
is rapid, and which carry great quantities of gravel, as do the Reno, 
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the Adda, and the Tesino ; because, according to some experiments 
of Father Grandi, the specific gravity of gravel in water is to the 
specific gravity of water itself nearly as 5 to 3, and this small differ- 
ence of density and specific weight is very easily to be balanced by 
the transverse impetuosity of the stream : whence it happens that the 
gravels, even of the coarsest sort, often beat hard against the to|)s of 
the highest wears, and even pass over them, and fall into the lower 
trunks. It is, therefore, evident, that, in these cases, the proposed 
expedient will not prevent the gravels of a river from being conveyed 
to a great distance in a contiguous canal. 

LlII. Bacciali, in the Dissertation which we have already men- 
tioned, has proposed, as a preventative to the filling up of the canal, 
to open, in the thickest part, or body, of the wt;ar itself, beneath the 
bottom of the mouth of the canal, some channels, through which, in 
times of floods, the gravels might be forceil, and so be relainetl in 
the bed of the river. This exjiedient was successfully put in pratrtice 
at the Sluice of Casaleccliio, wlu*re it serves crliiefly to lay the t/anal 
of the Reno dry, whenever it is necessary to clean it out, thus 
superseding the use of machinery for the [)ur|)ose. The height of 
this sluice or wear is 26 Bolognese feet. But, in the first plac;e, one. 
seldom meets with that combination of circumstances, in which it is 
necessary, and possible, to raise the wear high enough to leave space 
sulficient to place the channels below the lev(*l of the l)Ottom of the 
canal. And, besides, with res])ect to this very Sluice of Casalecchio, 
although a great (juautity of gravel is driven forwanl through the 
channels, still this does not prevent a great number from passing 
into the Canal ; so many, indeed, that it has become necessary 
to con.struct some bottom-sluices to prevent the bed from l)eing 
filled up. 

LIV. The Canal of Bologna has below its inlet, at various dis- 
tances, several outlets, on a level with the water, constantly 0|)en ; 
and also six bottom-sluices, which are opened in times ol floods. 
The surface sluices permit all the waters that rise above the common 
height to fall over into the Reno : and the trellises, or gratings, of the 
bottom-sluices, make them operate at once as gates and clearers; 
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because, when they are closed, they cover the bottom as far up as the 
flood-gates built into the walls; and then, during the floods, when all 
the vents are opened, the impetuosity of their stream serves to keep 
the bottom snfliciently deepened, (iugliehuini has recorded, in his 
XII. Chajiter, that although, in his days, the giavels extended in the 
bed of thelleno for live miles below Casalecchio, yet in the Canal they 
reached only a little more than half a mile, and that they might 
have been reduced within less space, if tlie ground-sluices had been 
better jilaced at the first, and been more frecpiently used at proper 
seasons. 

LV. In the Canal of Martesana, the gravels extend five or six 
inilt^s, and the bottom-sluices arc^ so advantageously placed, that they 
generally suffice to keep the entrance and the first trunk sufficiently 
clear. The gravels extend much farther in the other Great Canal, 
and the ground-sluices are so far distant from the entrance, that 
it is sometimes recpiisite to emjiloy art to remove those impediments, 
which the nature of the river opposes to the navigation. Near the 
mouth of the Muzza, there is a discharger level with the water, 
and, two miles lower down, there are two bottom-sluices, each having 
ten apertures : when set to Avork, they are not felt in the u])per trunk, 
and it is often necessary to have recourse to art and manual labour 
to remove the heaps of gravel that from time to time diminish the 
body of water, and excite appreliensions for the factitious fertility 
of the Lodesan. As tlie Canals of Martesana and of Bologna are 
of a more reccait date than the; otlver canals, the inconveniences 
ot the more ancient canals have been avoided in their construc- 
tion. 

LVl. In case it were projiosed to draw from the upper trunk of 
the Adda a fixc'd branch of water, to continue the navigation as far 
as the Bake of I,.ecco, as has been mentioneil in the XXX. and tht^ 
following Paragraj)hs, any of the cx[)edients pro[)osed in the LI. 
and LIII. Paragraphs would be inadequate to prevent the gravels 
from extending themselves the whole length of the Canal ; the 
reasons of which are, that the surrounding country, as well as all 
the heights between which the Adda flows, are quite full of gravels ; 
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that the bottom of the Adda itself is entirely covered with them, 
although in some parts, where the slope is greatest, those which 
fall in from the sides*, and the higher districts, are not found to stoji 
there ; that the stream descends with extraordinary iinjietuosity, and 
that its thread would enter the opening of the New Canal, almost in 
a direct line. Now, as in the existing Canal of Martesana, and in the 
bed of the Adda, the gravels extend as far as the dike of Trexxo, 
it is certain, that, in a place where the fall is greater, and lying in 
the direction of the thread of the stream, the gravels will naturally be 
carried down to the distance of a mile, or of a mile and a third j and, 
consecjuently, they will he spreatl throughout the whole of the 
excavation. 

LVII. Outlets, on a level with the surface of the water, constantly 
kept open, accoriling to Paragraph XLIV. would prevent the canal 
from overflowing in floods ; and, according to llie L. Paragra[>h, 
bottom-gates, advantageously jilaced belt)W the entrance of the water, 
and before the first sluice, would keej) the beil well freetl from 
gravels, and other coarse substances, which might have been succes- 
sively brought down by the great fresht's. But tliis wtjuld not suffice 
for the? gravels that reach to the ujiper ami lower gates of the sluice. 
For, in the first jilace, although the bottom-gate, opening just 
above it, were made very large, and '•with a great fall, the waters, in 
flowing out, would dispose themselves in om; continued curv<‘, from 
the first entrance of the stream into tlu^ canal, as far as to tlu* bottom- 
gate, anti would thus hat'c m> efl’ect on tl»e oj)posite angle, lying 
beyond the convexity of t he curve, between the sluice and t he liank, 
where, in consetpience, the gravels would always accumulate. 
Secondly, as the bottom-gates could not be constantly kept oj>en, 
it might easily liappcn, that a mass of gross substances might accu- 
mulate on and cover the exterior platform of the sluice, and prevent 
the play of its gates. And, lastly, for tlu^ reasons assigned in tne 
LIII. Paragrajih, it might frequently happen, that these substances 
would pass over from the exterior platform into the interioi*, ami 
there occasion, in a twofold degree, the .same inconvenience. 

LVIIl. Aijuatie Surveyors have not yet treated of the case in 
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w hich a sluice is to Ije erected in places where gravels and coarse 
substances are found. According to Massini, the sluices of the 
Canal ol’ lh>logna, wliich wert; made in 1493, are placred in situations, 
to wliich none but the finest substances ever come. It is the same 
witli regard to the sluices that were finished four years later in the 
Canal of Milan, as well as in all the other more modern sluices of 
Loinbartly, the Venefian States, and Tuscany, and in all the Navi- 
gable Canals of France and the Netlierlands. We have ample 
experience of the continual inconveniences and accidents, to which 
such works are subject, from the turbids alone, from the fine sands, 
and from the slime brought down by the water. Guglielmini, in the 
XII. Chapter, which we have already cited, and Zendrini, in his xir. 
Chapter on Running Waters, when treating on the Construction of 
Sluices, are botli of oj)inion that they should occasionally, from time 
to tiuKs he left open to prevent Ihe filling up. All encroachments 
and a( cnnmiations are augmented in projiortion to the coarseness 
of the substances deposited. 

LIX. I had sought for a long time, in vain, for information 
respecting some lock w'hii h had been constructed in a. gravelly posi- 
tion, that 1 might thence derive some knowledge on this subject. 
Some months ago, an able Engineer* informed me, that, in the pro- 
vitu <5 oi' iierri, there w'as a sluice plac ed on the Indre, in a situa- 
tion wlu re this- river still brought down gravels and other coarse 
sul)stances. Me likewise exjilained to me the contrivances, which 
were t'm])loyed to kee[) tlui liottom clear, and to secure; the free play ot 
thc' several gates. Tlie method pursued was, to introduce, wlienever 
it was nec'essary, the stream of a neighljouring torrent, which swept 
bcl'ore it all the gravels that had, from time to time, been brought 
down and lodged by the Indre, within the enclosure of the lock. This 
example cannot always be imitated in other riv’ers, and in the canals 
derived from them ; nevertheless, it has furnished me wath an occa- 
sion for thinking of vairious expedients, and on the precautions, 
winch it would be necessary to adopt if obliged to construct a 


^ M. Bouchet, Iii.spector-Gencral of Roads and Bridges. 
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sluice at a spot that was liable to be obstructed by the diffusion of 
the gravels. The most natural and the simplest expedient would be 
the following : — 

liX. In tlie first jilace, I would open an amj)le bottom-gate 
directly above the sluice. Secondly, that the action or play of this 
clearer might extend to the opposite angle, and that all the gravels, 
spread over the outer platform of the sluice, might liave a free pass- 
age through the outlet, I would recommend, that the platform 
itself should slope considerably towards tlie mouth of the outh't. 
Thirdly, that the gravels might find it difficidt to enter the enclo- 
sure of the lock, at the time of opening and shutting the gates, 
tlie sill of the aperture of the first gates should be raised higher 
than the level of the outer platform ; limiting, however, this eleva- 
vatiou to sudi a [loint as not to obstruct the navigation w'hen the 
stream is low'. Lastly, to clear the interior [ilatlbrin of the gravel 
which must occasionally lodge on it, I woidd give it a si'iisibie de- 
clivity, and open on it, at its low’cst angle, another bottom-sluice, 
that might lie made to ai:t on it when riapiired. 

LXI. In tliis manner, the lock might lie kejit always in oriler, 
without any interruption to the navigation for the jmrpose ol"t;arry- 
ing oil' the new accumulations of gravel by manual labour. Buf, 
in the cast* of 'vhich we were spejdving, that is, of Ihe Canal to 
1)(‘ excavated on the Adda, it w’ould Ih^ further neci'jfsary to ahaiulon 
tht! idea of making great sluices of 30, or even of 15, brac es in 
height, as in Sweden they wc*re Ibrec'd to give uj) the jilaii of a 
sluice of fifty-two feet, which make about 2() bi'aces. For my part, 

I cannot conceive by what mechanism it is |)ossible to move sluice- 
gates of sucli an exiraordinary size; nor do I set; that it would bean 
easy matter to securt; ilu; foundations of the platforms against the 
edtlies that would be formed by a column t>l W'ater of so great an 
altitude. Belidor, in the Eighth (vhapter of his JV. Book, anti Zen- 
tlrini, in the Twelfth Chapter which we have alrccady t|uotefl, liave 
sufficiently ('X[>linned anti detailed all the [)ractical rules and [)recau~ 
tions that Architects ought to t)l)serve, in the construction of the 
floors, walls, and gates of sluices. But Belidor lays it down ex- 

A A 2 



180 


AN ESSAY ON NAVIGABLE CANALS. 


pressly in the Third Chapter, that wlicn there is a greater height than 
12 or 13 French leet, it is always better to multiply the sluices, and 
to keep them uniteti and contiguous, to save the expense of mul- 
tiplying th(' gJites. 

LXJJ. The sluices in the Canals of Briarre, of Orleans, and of 
Languedoc, in no instance ('xceed the height of eight or nine feet. 
The eight sluices, that are in the neighbourhootl of Bessiers, have 
altogether a fall oi 86 feet, which gives 8- feet for each sluice : those 
of the Old Canal of Picardie are from 8 to 13 feet; and those now 
consiructing on tlu* Xcav Canal, and for the navigation of the 8cljeldt, 
will not l)e aljo\e 13 feet in height. The largest sluices in the 
Netherlands are those ofOstend and of Bonzingue. The sluice, 
which unites the Canal of \ |)res to that of Fumes, near Bouzingue, 
is 20 i'eel in height, as many in breadtli, ami 120 in length. 
M, Diil)ie has sliown extiuordinaiy ability in the consfruclion ot this 
woik. The eight sluices in the Canal of Bologna are, in all, 59 
Bolognese feet. The highest sluices in Italy are those at Dolo, on the 
Brenta. The gates ol'the sluice at Dolo aia^ elca ated 21~ * Vt“netiau 
feet abo\ e the jrlatibrm on the upper side, and 18 I’eet 7 inches f 
on the lower. 

IjXIII. In executing the plan, which we have described, for 
cont inuing the navigation of the bighcr branches of the Adda, the 
sluices might l)e constructed on the models of those now mentioned. 
To the last miglithe given tlu; greatest height, say 10 braces, making 
nse of the walls alreiuly built for its eonstruction. Immediately ai)ove 
it, three others, all contiguous to eacl» other, and each about 8 braces 
in height, sliould he ereeterl. And, lastly, about 1080 braces higher 
up, two more, each 6 braces in height, vvoukl he required, to take up 
the remainder of the fall, and provide for the dilference of the two 
levels into which tlie little Valley ol’Rochelta is divided, as was stated 
in the XXX. Paragiaph, The first sluices, in descending, should he 
lower than lliose which follow, that tln;y may he the belter secured 
against the great })ressure which tlicy must sustain in the time of 


^ Nearly 25 English feet. 


f About 2i^ English feet. T. 
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Hoods* If to this be added the other precautions, which we ex- 
plained above, on the construction of tlie hrst sluice, and of the bot- 
tom-outlets, as well as of those on a level with the stream, I believe 
that the New Canal would be executed in the best possible manner. 

LXIV. In the scheme for deriving a Navigable Canal from the 
River Gotha, in the manner already explained, it is impossible to 
determine, better than it has been done, the form, the place, and the 
dimensions of the seven sluices, into which the total fall of 1 13-^ 
Swedish feet is to be gradually distriliuted. The tracing of the 
whole Canal is such as is best ada[)ted to tln^ topography, and the 
physical situation of the spots, where so many various dilUcuUies are 
to be encountered. The derivation and the return of the stream 
into the river are both elfected at points, where its (rovust* is so fixed 
and bounded by the mountains, t hat then? is no room for apprelvend- 
ing that by any change of (u>ur.se it may either interrujiL or retard the 
upper or lower communications with the (jamd. Tlie tivo dikes, 
which join the little island of Grefon to Mc lgon, and Melgon to 
the left bank of the river, and to the lower lip of the mouth of the 
(ilanal, take in so large a portion of the river, and with so spacious 
a sweep, that tlu'y secure to the mouth the whole, (juantity of 
water that can jiossibly be rcipiired. 

CXY. The nature of the ground does not [lermit that the tpiantity 
of the M ater to be adinitU*d should lie regulated, as has been <lone in 
the Canals made at jMilan and Bologna : because, as the opening and 
the first trunk of the Canal must be cut through a very high roGv, 
which sejiarates it from the river for more than 300 feet, it will not be 
jiossible to iorce the superabundant waters over the banks, or to open 
along the shore any outgate on a level with the surface. The most 
natural experlient, then, u ill be, toojienan ample discharger imme- 
diately after leaving the rocks, in a place where the Canal is not very 
far distant from the river. The only discharger, which 1 find laid down 
in the plans, is too remote from the head ot the Canal; and although 
it were made in the form of a bottom-sluice, anti Mnth a great fall, 
it could not protlucc any efl’ect on the lirst u|)per trunk, either by 
affording a vent for the superfluous waters in floods, or by clearing 
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the bed from tlie substances brfmght down and deposited upon it 
successively by the stream. 

LXVI, But, in reference to the cjuantity of water required, it will 
be necessary, considering the singular t'onstruction of this Canal, to 
observe some other very particular precautions. On casting a look 
over the Plan, it a[)pears tliat the whole of that part of the Gotha, 
which is included between the islets Melgon and Grefon, may be 
regarded astlie beginning of the Canal ; since, the course of the river 
being quite free on the right, the intervention of these islets ami the 
dikes, of whit;h wv hav e already spoken, must obstruct the waters on 
the left, as far as to the place where there was formerly anotlier water- 
fall called Presteskedet. It should seem, then, that one might provide 
sufficiently against tlie inconveniences of the floods. Ivy simply making 
the dikes or wears of a height ef|ual to the depth ol’ tiu' water recpiired 
for the navigation, thus letting tliein serve as a discliarger, and a 
snrfact'-slnice always oj)en to the re<|nisite level. But if, in addition 
to this, tlu!re wv're to be constructed, in the body of tht^ wear wliich 
joins Melgon to the lower li|) t)f the C'anal, some other disc hargers 
and bottom-sluices, which should l)e made to play at ])roper sea- 
sons, tl»e upper laal might be clearcal of the various su1)stances 
that must neca'ssarily Ive collected there, in consequence of the 
retardation of the stream. ,, 

LXVIl. Tlie,sul)stances, which arc; niixial witli the water, form, in 
length of time, the most serious obstructions in Navigable Canals. 
No j)r(a;autions takcai to prev’enl tluan can be deemed to be useless, 
or superfluous. But in all partietdar cases a careful ins[)eetion of the 
spot is absolutely luaa'ssary : |)lans and descriptions, howev(;r accu- 
rate, will not sulfite' to give a strangcT the nect'ssaiy information for 
forming a correct judgement of what may be the issue of events, 'riie 
great rapidity of the Gotha, the.* mountains l)etwt.'en which it is en- 
closed, the reasons w hy the works of l/nl 'vere ruined, — all announce 
that this river must carry gravels, and other gross substances, in 
(quantities sullicient to ))e Iransjiorted, and to extend through the 
whole length of the Canal. JMoreover, as the Canal i.s to be exca- 
vated on the sides of the mountains, in four different places, and for 
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spaces of considerable length, the raiiLS alone, independently of the 
common turbids of the river, will necessarily bring down other gross 
matters, in the same manner as the little torrents, and the rains, which 
descend from the neighbouring heights, curry sands and gravehs into 
our Canals of Milan, even beyond the spots to which those of the 
Tesino and the Adda are transported. From these conjectures, and 
from what lias taken jilace in other instances, one may venture to 
prognosticate what may |irobably happen to this Canal in the course 
of time. 

LXVIIl. In the first place, then, the tuiiiids flowing through the 
oiiening and the first trunkof the Canal into tlus little field (Plate 11.4.), 
which, as far as I can conjecture fi-om the plans, must be laiil under 
water, Avill produce a rejietition of the case mentioned in Paragraph 
XV N. of the Reservoir of Naurose, and tlie Canal of Languedoc. In 
time, the subslancH.'s there dej)osited will inten ijptthe navigation ; anti 
tlu.Mi it will become necessary to continue the (Janal in a straight line 
tpiite across tlie fieltl. Tlie same will hajipen to the lower field 
(Plate M. 11.), which also must be laid under water, and where it is 
not intended tocontinue the Canal. As its extent is very considerable, 
the accumulations will begin at tlu^ entrance, anti it will l)e constantly 
necessar}' to hat e recourse to manual Isibour to keep the j)assagc 
free and open. The Canal will thus be; grathially prolonged, anti it 
will vdtimately happen that then; will be but one single uniform 
channel from the entrance of the water as far as to the locks. This 
event will occur sooner or later in pro]>ortion to the si^e and the 
quantity of the subslant:es tlt;positetl by the waft'.rs. 

LXIX. This inconvenient'e, wliich j)rol)ably has lieeti alreatly 
foreseen, in regard to laying tlu*se fields untler watt'r, may suggest a 
very good and certain mode oi' consolitlating the w’hole of the morass 
(Plate II. 9. 9.), whitrh lies between the two fields in <pieslion, and 
through which the Canal must run. When flu; upper trunk is entirely 
excavated, all that ^vill be neederl is, to introduce the turbid waters 
into the morass, and to direct them opportunely to those plact's where 
it is the deepest, and where the soil is the most loose : they will infal- 
libly fill it up, and give it the proper consistence, and that the more 
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speedily ill proportion as the quantity of substances brought down 
by the stream shall be tlie greater. The Tuscans are complete Mas- 
ters of this mode of melioration, which is properly termed up. 

They have made great use of it, particularly in the Valdichiana. It 
is in this manner, that in the Polesines, in the Modenese, and in 
other parts of Italy, they have found the means of changing into rich 
lands marshes that lay waste and uncultivated: It would require some 
little time to complete the melioration of the morass of which we have 
been speaking; but they will be well repaid for the delay by the 
more certain and easy continuation of the whole Canal. 

XiXX. It appears, that, to render this undertaking more certainly 
successful, and more durable, it would be prudent to construct a third 
discharger immediately above the first sluice ; and, further, that it 
would lie requisite to be guided in the construction of this sluice 
by the quality of the substances that might Ijc brought down. — 
'fhese are all the instructions, which it is in my power to alfortl from 
a simple inspection of the surveys, and which I can venture to insert 
in this Essay. It is not merely as a man, as a citizen, and as a phi- 
losopher, that I feel interested in the success of so grand and so 
important a design. The honour conferred on me by ray being 
elected a Member of the Royal Academy of Sweden, — the private 
friendshijr that unites rnc to several of the Members of this illustrious 
Body, — the esteem that I bear to so enlightened a Nation, as polite 
as they are industrious, — all conspire to render me peculiarly solici- 
tous, that this work may be brought to a happy termination. 


WmxA by A. Strabait, 
l^rint^rs Street^ London^ 










